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GENERAL OBJECTIVES 
The general objectives of t h i s  contract were as follow: 
(1) t o  characterize and quantify selected components of the environment; 
(2)  t o  select  from among the components studied those which would b 
appropriate for the detection and assessment of possible pertur 
induced by future NASA operations; 
(3) t o  develop baseline data  suff ic ient  t o  define normal variation (i.e., 
changes n o t  associated w i t h  NASA a c t i v i t i e s )  i n  those selected 
environmental components; and 
(4) t o  determine the k inds  and amounts of measurements required t o  detect and 
document environmental perturbations that might be caused by future NASA 
ac t iv i t ies .  
v i i i  
GENERAL INTRODUCTION 
The number of rare ,  threatened and endangered species that  reside or 
That occur periodically a t  the Kennedy Space Center i s  re la t ively large. 
number varies w i t h  the  choice of authority or  l i s t  that  one adheres to. I t  
was made c lear  i n  the proposal for this wrk t h a t  forms included on the feder- 
a l  l i s t  of threatened and endangered species and those on the l i s t  promulgated 
by the Florida Committee on Rare and Endangered Plants and Animals (FCREPA) 
would be addressed i n  var ious  degrees of intensity. Some, such as marine tur- 
t l e s  and b i r d s ,  were chosen for  intensive study because of the lack o f  under- 
s tanding  of their s ta tus  a t  KSC re la t ive  to  the elevated level of public and 
federal concern fo r  t he i r  well being. Others, such as a l l  plant species, were 
not considered a t  a l l  because of the lack of c l a r i t y  of t he i r  federal s ta tus  
and because of resource limitations. S t i l l  others, such as manatees and a l l i -  
gators were not the subject of  f i e ld  investigations because they were under 
study by the U. S. Fish and Wildlife Service or other agencies. 
The overall objectives of t h i s  work, therefore, were: 
1. t o  provide NASA/KSC w i t h  consultation, awareness and evaluation of 
matters relating t o  marine t u r t l e s  and the Endangered Species Act of 
1973; 
t o  provide baseline data against which resul ts  of future studies can 
be compared, for assessment of impact of the the STS program. 
A1 though the federal government recoyni zed only threatened and endangered 
2. 
status, FCREPA has establ ished several additional categories for  imperiled 
species. The def ini t ions of those categories are as follow: 
Endangered. Species i n  danger of extinction i f  the deleterious factors 
affecting the i r  populations continue t o  operate. 
bers have a1 ready decl ined to  such a c r i t i ca l  ly  1 ow level or whose habitats 
have been so seriously reduced or  degraded t h a t  without active assistance 
the i r  survival i n  Florida is  questionable. 
Threatened. 
the foreseeable future i f  current trends continue. 
1. 
2. 
These are forms whose num- 
Species tha t  are l ike ly  t o  become endanyered in the State within 
T h i s  category included: 
species i n  which most or a l l  populations are  decreasiny because of 
over-expl o i  ta t ion,  h a b i t a t  1 oss, o r  other factors;  
species whose populations have already been heavily depleted by dele- 
ter ious conditions and which, while not actually endangered, are 
nevertheless i n  a c r i t i ca l  s t a t e ;  
species which may s t i l l  be re la t ively abundant b u t  are being sub- 
jected t o  serious adverse pressures throughout t he i r  range. 
3, 
' 
Rare. Species which, although n o t  presently endangered or threatened as 
de'fined above, are potentially a t  risk because they are found only w i t h i n  a 
res t r ic ted geographic area or habitat i n  the State or are sparsely distributed 
over a more extensive range. 
1 
Species of Special Concern. 
foregoing categories yet warrant special attention. Included in t h i s  cateyory 
are: 
species tha t ,  a1 t h o u g h  they are perhaps presently re1 at ively abundant 
and widespread in the State,  are  especially vulnerable to  certain 
types of exploitation or environmental changes and have experienced 
long-term population declines, and 
species whose s ta tus  i n  Florida has a potential impact on endangered 
or  threatened populations of the same or other species outside the 
State. 




above categories b u t  fo r  which available data are insufficient t o  provide an 
adequate basis fo r  t h e i r  assignment to  a specific category. 
each with an  indication of i t s  status on federal and FCREPA l i s t s .  Of the 
plant species l i s t ed  in t h i s  table ,  the f i r s t  three are on the federal l i s t  of 
proposed endangered p l a n t s  (F. R. 41, No. 117:24524-24572, June 16, 197G), the 
next six are  in review status as threatened species (F.  R. 40, No. 127:27824- 
27924, July 1, 1975) and the l a s t  six are froin a preliminary FCREPA l i s t .  The 
final published form of t h a t  l i s t  (Ward, in press) will appear soon. 
Species t h a t  are  suspected of fa l l ing  in one of the 
Table 1 i s  a comprehensive l i s t  of imperiled species occurring a t  KSC, 
2 
Table 1 
A l i s t  of imperiled species o f  plants and animals occurring a t  the 
Kennedy Space Center, Florida. 
Federal F C R E P A ~  
Species Designat ion Designation 
PLANTS 
Zamis i n t e  r i f o l i a  
C a l o v i  + a cur t i ss i i
Verbena tampensi s 
Lecheacernua 
Rhynchosia cinerea 
Persea borbonia var. humilis 
H menocallis l a t i f o l i a  kyalmatum 
*t m a  
Ascl epi us curti  ssi i 
Chrysophyll urn ol iviformae 
Tou rnef ort i a gnapha 1 odes 
Ac r o  s t  i c um a ureum 










Caretta caret ta  
T 3 3 7 5 i T a m  
Er;-$moc:ely; imbri cata 
Go erus po yphemus 
Drymarc on corais 
Nerodia fasciata  taeniata 
XlTQjZor mississippiensis 

































E = endangered; T = threatened; R = rare; SU = status  undetermined; SC = of 
special concern. 
lFlorida Comnittee on Rare and Endangered Plants and Animals 
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Table 1 (Continued) 
A l i s t  of imperi led species o f  p l a n t s  and animals occurr ing  a t  the 
Kennedy Space Center, F1 or ida .  
Federal F C R E P A ~  
Spec ies  Designat ion Desi gnat  i on 
BIRDS 
Brown Pel ican E 
Rot h sc h i 1 d ' s Mag n i f i cent Fr i ga t  eb i r d  




Li t t le  B1 ue Heron 
91 ack-crowned Night Heron 
Ye1 1 ow-crowned Night Heron 
Least  Bittern 
Wood Stork  
Glossy Ibis 
White I b i s  
Roseate Spoonbill 
Coopers Hawk 
Southern Bald Eagle E 
Os prey 
Peregrine Fa1 con E 
Mer1 i n  
Southeastern American Kestrel 
F1 o r i d a  Sandhi1 1 Crane 
Black Rail 
American Oys terca tcher  
P i  ping P1 over 
American Avocet 




91 ack Skimmer 
F lo r ida  Burrowi ng Owl 
Hairy Woodpecker 
F lo r ida  Scrub Jay 
F lo r ida  P r a i r i e  Warbler 
American Reds tar t  
Red-coc kaded Woodpecker E 






































E = endangered; T = t h rea t ened ;  R = r a r e ;  SU = s t a t u s  undetermined; SC = o f  
spec ia l  concern. 
l F l o r i d a  Committee on Rare and Endangered P l a n t s  and Animals 
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Table 1 (Continued) 
A l i s t  of  imperiled species of p l an t s  and animals occurring a t  the 
Kennedy Space Center, F1 orida. 





E = endangered; T = threatened; R = rare; SU = status undetermined; SC = of 
special concern. 
1Florida Committee on Rare and Endangered Plants and Animals 
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MARINE TURTLE STUDIES 
In t roduc t i on 
L i t e r a t u r e  Review 
Nest i ng Adul t s  
a d u l t  female sea  turt les t h a t  nest annual ly  on the beaches o f  the Kennedy 
Space Center-Cape Canaveral Air Force S t a t i o n  (KSC-CCAFS) complex. 
Ehrhart  (1976) and Ehrhart  and Yoder (1978) e s t a b l i s h e d  t h a t  a minimum of  
120 loggerhead t u r t l e s ,  Ca re t t a  c a r e t t a ,  and two o r  three yreen turtles, 
Chelonia mydas, nes ted  on an 8 km stretch of KSC shore knom a s  Playa- 
l i n d a  Beach each y e a r ,  but  the l i m i t e d  nature o f  t h a t  s tudy precluded any 
assessment of  t he  r e l a t i v e  importal tce  of  the  ent i re  58 km o f  KSC-CCAFS 
s h o r e l i n e  t o  the surv iva l  of western A t l a n t i c  populat ions of  Ca re t t a  and 
Chelonia. The sou theas t e rn  U. S. i s  one o f  only f o u r  major loggerhead 
nes t ing  a r e a s  remaining (Erns t  and Barbour, 1972) and F1 o r i d a  beaches 
c o n s t i t u t e  the major por t ion  of  t he  nesting ground. 
o the r  workers provides  some b a s i s  f o r  comparison and assessment of KSC's 
importance. Worth and Smith (1976) d iscussed  marine tu r t le  nesting on 
Hutchinson I s l and ,  F1 o r i d a ,  and es t imated  t h a t  1,072 loggerheads nested 
on nine 1.25 kin s tudy  a r e a s  i n  1973. LeEuff (1969) and LeBuff and Beat ty  
(1971) d iscussed  var ious  a s p e c t s  o f  loggerhead nes t ing  on Sanibel and 
Captiva I s l a n d s  on the  G u l f  c o a s t  of  F lo r ida  b u t  gave no numbers useful 
f o r  comparison. La te r ,  LeBuff and Hagan (1975) reported a d e c l i n e  i n  the 
number of loggerhead nests i n  their  Manasota Key-Cape Romano survey a rea  
froin 758 (1970) t o  520 (1975). In 1977, Davis and Whiting summarized a 
decade (1964-1973) of  s ea  tu r t le  nesting research  a t  Cape Sable ,  i n  Ever- 
g lades  National Park and repor ted  an inc rease  from about 455 t o  915 nests 
per season d u r i n y  t h a t  i n t e r v a l .  Additional nes t ing  surveys and tagying 
s t u d i e s  have been undertaken by F. Lund and Be Turner a t  important rook- 
e r i e s  i n  J u p i t e r  and south Brevard County, F lo r ida ,  bu t  results of these 
e f f o r t s  a r e  no t  ava i l ab le .  
P r i o r  t o  1973, v i r t u a l l y  nothing was known about the populat ion of 
The re sea rch  of  
Recently,  Carr  and Carr  ( i n  p re s s )  have used a e r i a l  reconnaissance t o  
determine numbers, d i s t r i b u t i o n  and s e a s o n a l i t y  o f  breeding co lon ie s  of 
marine t u r t l e s  i n  F lo r ida ,  Puer to  Rico, and the Virgin Is lands.  That 
s tudy employed d a t a  s u p p l  i ed  by the UCF-KSC sea turt le re sea rch  group a s  
ground truth t o  e s t a b l i s h  a r e l a t i o n s h i p  betbeen a e r i a l  counts  and 
observed nestings on the beach. That s tudy  is  now gene ra l ly  reyarded a s  
a very good beginning f o r  t h e  use of a technique t h a t  has produced d i s -  
appoint ing results f o r  o t h e r s  (LeBuff and Hagan, 1978).. 
Marine Fisheries Serv ice  i s  c u r r e n t l y  planning further e f f o r t s  t o  p e r f e c t  
t h a t  technique. 
10 s e c t i o n s  o f  F lo r ida  most heav i ly  v i s i t e d  by t u r t l e s .  
a r e  i n  Brevard County and three of  the f ive  are within KSC-CCAFSI 
Other works t h a t  have provided useful census and/or na tura l  h i  s t o r y  
da t a  f o r  loggerheads incl ude Cal dwell ,  Carr ,  and He1 1 ier  (1955),  Caldwell 
e t  a l .  (1959), and Caldwell ,  Carr ,  and Ogren (1959). 
d e a l t  w i t h  the Jeky l l  I s l and ,  Georgia,  loggerhead population. Caldwell 
(1959) a l s o  compiled and e d i t e d  d a t a  gathered i n  the 1930 ' s  a t  Cape 
The National 
The results of  the same s tudy included a ranking of the 
Five of the 10 
The l a t t e r  two 
Romain, South Caro l ina ,  by Baldwin and Lof t in .  
of  a very few t h a t  gives ac tua l  measured body w i g h t s  of  loggerheads.  
Caldwell a1 so pub1 ished coinments on the nes t ing  behavior  of  loggerheads 
froin the Georgia c o a s t  i n  1962 and Gal lagher  e t  a l .  (1972) repor ted  the 
results of  work w i t h  loggerheads on Hutchinson I s l and ,  i n  Martin County 
Flor ida.  
phometric d a t a  f o r  F1 o r i d a  1 oggerheads. 
This  l a t t e r  paper i s  one 
S u r p r i s i n g l y ,  t h i s  was one of the f i r s t  papers t o  inc lude  rnor- 
Outside of the U. S., the bes t - s tudied  populat ion of  loggerheads i s  
t h a t  of Tongaland, Natal i n  southeas t  Afr ica  (Hughes, Bass, and Mentis, 
1967; Hughes, 1970; Hughes and Brent, 1972). Hughes (1974) noted t h a t  
the remarkable a spec t  of  his d a t a  was not  the number of  turtles t h a t  had 
r e tu rned  i n  subsequent y e a r s  but  r a t h e r  the number t h a t  had not. La ter ,  
however, the  same au thor  (Hughes, 1976) was a b l e  t o  show t h a t  a f t e r  12  
y e a r s  o f  r e sea rch  the recovery r a t e  o f  tagged animals back on the n e s t i n g  
beaches had reached 50 percent. There a r e  many p a r a l l e l s  between Hughes 
bark and t h a t  r epor t ed  here. 
The green tur t le ,  Chelonia,  is widely d i s t r i b u t e d  throughout the 
t r o p i c a l  and sub t rop ica l  s e a s  (Erns t  and Barbour, 1972). Nesting popula- 
t i o n s  have been s tud ied  a t  Ascension I s l and  (Carr  and t i i r t h ,  1962) ,  
southern Yemen (Hi r th  and Carr ,  1970) ,  Malaysia (Hendrickson, 1958) and 
Heron I s l and ,  Austral  i a  (Bustard,  1967) and el sewhere. 
hemishpere, nes t ing  c o l o n i e s  o f  Chelonia have been s tud ied  by P r i t c h a r d  
(1969) i n  Surinam and Guyana, by Parsons (1962) on I s l a  Aves, and i n  
Mexico by Peters (1954) and Duellman (1961). The most thoroughly s tud ied  
colony, however, i s  t h a t  a t  Tortuguero,  Costa Rica. General accounts  of  
t h a t  bark a r e  i n  Carr  and Ogren (1960) and Carr ,  Carr ,  and Meyl an (1978). 
Hirth (1971) compiled a synops is  of b io log ica l  d a t a  on the green tur- 
t l e  t h a t  i s  thorough and comprehensive. 
In the con t inen ta l  U. S., green turtles nest only  on the A t l a n t i c  
c o a s t  of Flor ida.  
a t u r e  concerning t h a t  population. 
' ' to  f i n d  i n  p r i n t  no def in i te  record  of  a green tur t le  nesting on a 
F lo r ida  beach, o r  f o r  t h a t  ma t t e r  anywhere on the mainland of the United 
States ."  They  Proceeded t o  document the f i r s t  t w  definite observa t ions  
In the western 
I 
There i s ,  however, a pauc i ty  o f  information and l i t e r -  
Carr  and Ing le  (1959) were surprised 
of  nes t ing  emergences of  Chelonia mydas mydas, the A t l a n t i c  green turtle, 
on the c o a s t  of  Horth America. Both were d iscovered  by Flor ida  Conserva- 
t i o n  Agents; one on Hutchinson I s l and ,  Martin County Fia.; the o t h e r  a 
few miles nor th  near  Vero Beach, Indian River County Flor ida.  Neither o f  
the a d u l t  tur t les  was seen by Carr  and Ing le  b u t  t hey  examined ha tch l ings  
from the nest o f  the Hutchinson Is land  specimen and photographs of the 
one froin Vero Beach. Apparently no s tandard ineasureinents were made of 
either t u r t l e  and n e i t h e r  o f  them was weighed. 
Routa (1967) a1 so i d e n t i f i e d  hatch1 ing turt les from one Hutchinson 
Is land  nest a s  Chelonia and es t imated  t h a t  approximately 15 green turt les 
nested on the i s l a n d  i n  the summer of  1967. Again, none o f  these were 
measured, ce ighed ,  o r  even seen by the author .  
7 
E 
Gallagher  e t  a l e  (1972) observed 22 green tur t le  nests but  only 
None .were weighed. measured and tagged four of the nes t ing  adu l t s .  
Their  obse rva t ions  were a l s o  made on Hutchinson Is land  and they  es t imated  
t h a t  approximately e i g h t  t o  ten Chelonia nested there i n  the sumrner o f  
1971. Worth and Smith (1976) ,  a m i n g  on Hutchinson I s l and ,  noted 
26 green tu r t le  nests there i n  1973. 
ual turtles depos i ted  those  clutches. Until  1975, therefore, when 
Ehrhart  r epor t ed  nesting a t  KSC i n  Brevard County, a l l  o f  the published 
records  o f  Chelonia nes t ing  einergences on the North American coas t  were 
from Hutchinson I s l and  o r  nearby southern  Indian River County. 
Reproductive C h a r a c t e r i s t i c s  
Many a s p e c t s  o f  1 oggerhead reproduct ion have been s tudied .  
(1959) ,  Hughes and Mentis (1967),  and Kaufmann (1975a) g ive  sizes of 
nes t ing  a d u l t s  i n  South Caro l ina ,  southeas t  Af r i ca ,  and Columbia. 
Ehrhar t  and Yoder (1978) g ive  s i m i l a r  d a t a  f o r  KSC turtles. The l e n g t h  
of the  nesting season i s  d iscussed  by Caldwell (1959), LeBuff (1969),  and 
Kaufmann (1975a) ,  among o thers .  
son) are  r epor t ed  by Caldwell (1962),  Worth and Smith (1976), Davis and 
Whiting (1977),  LeBuff and Beatt$ (1971) Kaufmann (1975a),  and Hughes, 
1970. Galdwell (1962), Hughes and Mentis (1967), and more r e c e n t l y  
Hughes (1976) have d iscussed  the mu1 t i -annual  cyc le s  o f  loggerheads.  
Clutch size, incubat ion  per iods ,  and hatch1 ing morphology have been noted 
for var ious  popula t ions  by Caldwell (1959) ,  Hughes, Bass, and Mentis 
(1967), Hughes and Menti s (1967), LeBuff and Beat ty  (1971), Kaufrnann 
(1975a) ,  Davis and W h i t i n g  (1977) ,  and Richardson (1978). Ehrhart  (1979) 
presented pre l iminary  d a t a  concerning a l l  of these reproduct ive  charac-  
ter is t ics  f o r  loggerheads nes t ing  a t  KSC. 
popula t ions  a t  major nes t ing  beaches throughout the world. These inc lude  
Tortuguero,  Costa Rica (Carr  and Hirth, 1962), Surinam ( P r i t c h a r d ,  1969) ,  
Ascension I s l and  (Carr  and Hirth, 1962) ,  Sarawak (Hendrickson, 1958) ,  and 
Aus t r a l i a  (Bustard,  1967). 
i n  the l i t e r a t u r e  concerning specifics of F lo r ida  green t u r t l e  
reproduct ion ,  o t h e r  than the pre l iminary  f i n d i n g s  of Ehrhar t  (1976). 
They es t imated  t h a t  e i g h t  individ-  
Caldwell 
I n t e r v a l s  between nestings (wi th in  sea- 
Basic  parameters of  reproduct ion  have been repor ted  f o r  green t u r t l e  
There i s ,  however, v i r t u a l l y  no information 
Mortal i t y  
Ul r ich  (1978) i n  South Carol ina and H i l l e s t a d  et  a1 (1977) in  Georgia. 
There i s  l i t t l e  doubt t h a t  sh r imp  t rawling i s  a major cause i n  t hose  
s t a t e s .  A recent a r t i c l e  i n  the Endangered Spec ies  Technical Bulletin 
(Anon., 1979) documents the s t r and ing  o f  about 60 loggerhead ca rcas ses  on 
the Texas c o a s t  i n  the f a l l  of 1978. Almost nothing has been written 
about the problem i n  Flor ida.  
ings  seem t o  have become a problem i n  the KSC a r e a  only since the f a l l  of 
1977 and presented prel irninary d a t a  f o r  1977 and 1978. 
The problem o f  mass m o r t a l i t y  of marine tur t les  has been s tud ied  by 
Ehrhart  (1979) repor ted  t h a t  mass s t rand-  
Green turtles have gene ra l ly  not been involved i n  the mass s t r and ing  
ep isodes  but  r e c e n t l y  the c a r c a s s e s  of several  small ones have been found 
on F lo r ida  beaches (Witham, pers. corn.) .  There is concern t h a t  a t  l e a s t  
some o f  these d ied  a s  the result of i nges t ing  t a r  b a l l s  from o i l  s p i l l s  
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(Witham, 1978). Tar b a l l s  can be ,,spersed in  the same ocean currents a s  
young green turtles (Witham, 1976) ,  but  the r e l a t i o n s h i p  between t h e n  has 
not  been s tudied.  
Lagoonal Popula t ions  
tu r t le  l i f e  h i s to ry .  
s tudy the migra t ions  and determine the growth r a t e  o f  this segment of the 
sea tur t le  population. 
L i t t l e  is  known concerning the j u v e n i l e  and sub-adul t  s t a g e s  of s ea  
As e a r l y  a s  1916, Schmidt emphasized the need t o  
The m a j o r i t y  o f  the s t u d i e s  t h a t  have been conducted have been l ab  
s tud ie s .  Growth r a t e s  o f  c a p t i v e  ha t ch l ings  have been recorded 
(Caldwell ,  1962; Uchida, 1967; S t ickney  e t  a l . ,  1973; Kaufmann, 1975b; 
Witham, 1976). 
l i n g  turt les have been r e l eased  and their subsequent growth and oceanic 
d i s p e r s a l  desc r ibed  (Witham, 1976; Witham and Fu tch ,  1977). Schwartz 
(1977) conducted physi ol  og ica l  experiments on the response of immature 
turt les t o  co ld  water temperatures .  Owens e t  a l .  (1978) r epor t ed  on a 
radio-immunoassay technique  t o  sex immature green turtles. 
populat ion o f  young Chelonia and Lepidochelys i n  the Cedar Key-Crystal 
River a r e a  of Flor ida.  They descr ibed  the apparent  seasonal migra t ion  of 
immature turt les from the a rea ,  obtained morphometric da t a  f o r  both spe- 
c i e s ,  and gave a t e n t a t i v e  populat ion size e s t i m a t e  f o r  the Chelonia 
population. Schmidt (1916) tagged 65 animals and repor ted  on the growth 
and movements of  17 of  them i n  the  wild. 
s tud ie s , .  most accounts  on immature tu r t le  movements have been fragmentary 
(Carr  and S w a t  , 1969; Burnett-Herkes, 1974). 
As p a r t  o f  a head-s ta r t ing  program, c a p t i v e  r a i s e d  year-  
Carr  and Caldwell (1956) conducted a s tudy  on a n a t u r a l l y  occurr ing  
However, except f o r  these two 
Recent ly ,  new interest  has a r i s e n  i n  immature sea  turtles. Both 
Georgia and South Carol ina have sponsored s t u d i e s  on sea t u r t l e  m o r t a l i t y  
caused by shrimp trawl i n g  opera t ions .  
subadu l t s  ( I i i l l e s t a d  e t  a l . ,  1977; Ulrich, 1978). 
National Marine Fisheries Se rv ice  i s  doing a monthly trawl s tudy on a 
populat ion o f  sub-adul t  C a r e t t a  i n  the Port  Canaveral channel area.  
Trawling f o r  turt les i n  this a rea  in  December, 1977 and 1978 y i e l d e d  ind i -  
v idua l s  t h a t  were buried i n  the mud i n  an apparent  dormant s t a t e .  
e t  a l .  (1976) repor ted  a s i m i l a r  phenomenon i n  Chelonia i n  the Gulf of 
Cal i forn ia .  Carr  and Caldwell (1956) r epor t ed  t h a t  a small minor i ty  o f  
fishermen i n  F lo r ida  be l ieved  t h a t  populat ions o f  Chelonia a1 so "buried 
up" during co ld  veather .  
t i a t e d  d e t a i l e d  ecologica l  studies on n a t u r a l l y  occurr ing  populat ions of  
immature C a r e t t a  and Chelonia. Carr e t  a l .  (1978) again pointed out the 
importance o f  ob ta in ing  more d a t a  on the developmental h a b i t a t s  of  juve- 
n i l e  s ea  turtles i n  o rde r  t o  understand the populat ion dynamics of  the 
adul t animal s. 
The turtles a f f e c t e d  a r e  mostly 
In F lo r ida ,  the 
Felgar  
L impus  (1978) i n  A u s t r a l i a  and Balazs (1978) i n  Hawaii have both i n i -  
Object i ves 
ies,  i n  add i t ion  t o  those  a l r eady  s t a t e d ,  was t o  provide assessment of  
The gene ra l ,  o r  comprehensive, o b j e c t i v e  o f  the marine tur t le  s t u d -  
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the r e l a t i v e  r o l e  and importance of the KSC a rea  i n  the maintenance of 
marine tur t le  popula t ions  of  the sou theas t e rn  U. S. 
Somewhat more specific o b j e c t i v e s ,  r e l a t i n g  t o  the above and s t a t e d  










To-develop an accu ra t e  e s t ima te  of the s i z e  of the populat ion 
(and i t s  v a r i a t i o n  from year- to-year)  of  a d u l t  female marine 
turtles nes t ing  on KSC beaches. 
To develop a thorough understanding of the s p e c i e s  composition o f  
the nes t ing  population. 
To develop an understanding of  the migratory p a t t e r n s  of s ea  
turt les nesting a t  KSC. 
To develop an understanding o f  f e r t i l i t y  r a t e s  (and their normal 
v a r i a t i o n )  of sea  turt le egg clutches a t  KSC. Implied here is 
a l s o  the development o f  an understanding o f  v a r i a t i o n  i n  o t h e r  
b a s i c  reproduct ive  parameters,  such a s  clutch size, egg s i z e ,  and 
egg weight. 
To develop an understanding of  developmental r a t e s  and hatchl  ing 
s i z e  and v igo r  a t  KSC. T h i s  ob jec t ive ,  poorly s t a t e d  o r i g i n a l l y ,  
refers p r imar i ly  t o  incubat ion per iods  and hatchl ing morphology. 
To coopera te  w i t h  the s t a f f  of  the Merritt I s l and  National Wild- 
l i f e  Refuge i n  e f f o r t s  t o  propagate sea turtles a t  KSC. 
To d e s c r i b e  the p a t t e r n  of sea tur t le  m o r t a l i t y  i n  the KSC area.  
To determine the s i z e  and species composition of the sea turt le 
popul a t  ion i n  the 1 agoonal waters  surrounding KSC. 
To determine the age structure ( a s  es t imated  by s i z e )  of the 
lagoonal tu r t le  population. 
Met hods 
Nesting Adu l t s  . 
The study a rea  i n  which  the survey of nes t ing  a d u l t s  was c a r r i e d  out 
var ied  among the years .  
a v a i l a b i l i t y  and security au tho r i za t ion .  In 1976, n i g h t l y  coverage 
va r i ed  from a s  l i t t l e  a s  8 km t o  a s  much a s  40 km, depending on the 
number of vehicles a v a i l a b l e ,  the pos i t i on  of the t ide ,  and the number of 
turt les encountered. The 8 km stretch of beach covered every working 
n igh t  ( f i v e  n i g h t s  per week) is indica ted  by the letter A i n  Figure 1. 
I t  i s  the a rea  known a s  Playal inda Beach and extends from the permanent 
security ba r r i cade  a t  the e a s t e r n  terminus of Route 402 (just north of 
Launch Complex 39) 5 miles t o  the nor th ,  ending a t  Camera Pad UC 10. 
add i t iona l  s e c t i o n s  t h a t  were covered f r equen t ly  (two t o  fou r  n igh t s  per 
week), t o t a l l i n g  32 km, a r e  i nd ica t ed  by the le t te r  B i n  F igure  1. This 
included 21 km nor th  of Camera Pad 10 and 11 km southward t o  the CCAFS 
boundary. Very occas iona l ly ,  fo rays  were made nor th  and south of  these 
points .  In 1977, the ex ten t  o f  coverage was t runca ted  i n  the nor th  and 
a u t h o r i z a t i o n  was gained t o  enter the CCAFS l ands  t o  the south. 
Accordingly, the survey extended throughout the 34 km from the 
Brevard-Volusia County l ine on the nor th ,  t o  Complex 37, on the south. 
In 1978, the nor thern  boundary remained the same (Brevard-Vol us ia  County 
1 i n e )  b u t  further a u t h o r i z a t i o n  from the Air Force s e c u r i t y  organiza t ion  
allowed coverage of 43 km, southward t o  Camera Road A, which is 1.5 km 
southwest o f  the e a s t e r l y  t i p  of Cape Canaveral. 
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Overall , therefore , primary coverage has extended froin 28" 27 
I n  1976, we were ent i re ly  dependent throughout the season on vehicles 
30" 
(Camera Road A )  t o  28" 4 7 '  39" north la t i tude  (Volusia County l ine) .  
provided by the Merritt Island National Wildlife Refuge, as no sui table  
vehicle was available through GSA. The vehicles were old mili tary sur- 
plus jeeps and i t  was d i f f i c u l t  t o  keep two of than running a t  any given 
time. The survey was conducted on 53 nights, between 18 May and 20 
August. In  1977, a similar s i tuat ion prevailed regarding beach vehicles. 
The refuge provided a jeep and NASA provided a 4-wheel-drive pick-up 
truck that  could be used when and where proper t ides  and beach topography 
prevailed. I n  l a t e  July, when a l l  o f  the 4-wheel vehicles were in disre- 
pair ,  a 3-wheel a l l - t e r r a in  motorcycle was acquired in order t o  continue 
operating. The 34 km s t re tch of beach was surveyed on 60 n i g h t s  between 
27  May and 24 Augus t ,  1977. 
I n  1978, the efficiency and mobility o f  the survey crew was greatly 
improved. 
pick-up truck had t i r e s  tha t  were bet ter  suited t o  the task. 
a l l - te r ra in  motorcycles were in use. 
work six nights per week a l l  summer (18 May - 29 A u g u s t )  w i t h  no whole 
nights l o s t  t o  vehicle breakdowns, as was the case i n  1976 and 1977. 
a resu l t ,  the total  number of work nights increased by 33 percent (froin 
60 t o  80) in 1978. The work generally began about 2100 hours and con- 
tinued until 0300-0400. 
The refuge again provided a jeep and maintained i t  well. The 
Also, three 
The l a t t e r  vehicles fac i l i t a ted  
As 
Whenever an emergent t u r t l e  was encountered , the fol l  owing data were 
1. date.  
2. species. 
3. t a g  number. 
4. capture code, as follows: 
recorded ; 
a. N - new, not  previously tagged 







encounter t h i s  year. 
SR - strange recapture, tagged by another investigator 
el sewhere. 
STR - short-term recapture, a t u r t l e  returning one t o  eight 
days a f t e r  a non-nesting emergence. 
TWR - two week recapture. 
FWR - four wek recapture. 
SWR - s ix  week recapture. 
EWR - eight week recapture. 
5. t i d e  conditions: advancing or receding. 
6. time discovered. 
7. ac t iv i ty  a t  discovery: emerging, moving upward on the beach, 
digging, laying, covering, or returning. 
8. location: a l l  locations were measured as distance north or south 
of a zero point. The zero point was the southern boundary o f  
Sec. 36, R36€, TZOS, which crosses the beach a t  the dune cross- 
over near Cainera Pad UC 10. 
9. carapace length over curvature: distance over curve of shell 
from center of nuchal (precentral)  scute to  the d is ta l  t i p  of the 











carapace  width  over curva ture :  
perpendicular  t o  the long i tud ina l  body axis .  
carapace  length  s t r a i g h t  1 ine: 
caliper from center o f  nuchal scute t o  t h e  d i s t a l  t i p  o f  the 
1 ongest  p o s t e r i o r  marginal scute. 
carapace  wid th  s t r a i g h t  l i n e :  
est hor izonta l  axis .  
p l a s t ron  length :  
g r e a t e s t  w id th  o f  head: w i t h  ca l ipe r .  
weight: procedure descr ibed  bel ow. 
f l i p p e r  damage: 
add i t iona l  notes:  miscel laneous observat ions.  
i n v e s t i g a t o r s  present. 
taken a t  the widest  p o i n t  and 
taken w i t h  f o r e s t e r ' s  tree 
taken w i t h  a c a l i p e r ,  the g rea t -  
l eng th  o f  bottom shell. 
d e s c r i p t i o n  and e s t ima t ion  of  percent loss .  
The weighing procedure i s  un ique ;  v i r t u a l l y  no o t h e r  marine tu r t le  
r e sea rch  group weighs animals  rout ine ly .  I t  was accomplished through the 
use of a hydrau l i c  j ack  and e l e c t r i c  winches mounted i n  t h e  beds of  jeeps 
and the pick-up truck. 
a t t ached  t o  the boom and turtles were drawn up i n  a sl ing made of  heavy 
nylon s t r aps .  The s t a f f  of  the Merritt I s land  National Wildlife Refuge 
was r e spons ib l e  f o r  the design and cons t ruc t ion  o f  this gear. The s c a l e  
was accu ra t e  t o  3 kg and v a r i a t i o n  i n  the amount o f  sand c l i n g i n g  t o  the 
turtles and s l i n g  var ied  by a s  much a s  3 kg. 
mately 5 percent  of  the mean weight of loggerheads.  
Archie F. Carr  o f  the University of Flor ida.  
metal and were purchased o r i g i n a l l y  from the National Band and Tag Co., 
o f  Newport, Ky. Dr. C a r r ' s  l abo ra to ry  serves a s  a c l e a r i n g  house f o r  
tagging  information f o r  a number of  marine tu r t le  p ro jec t s .  Tags are 
numbered i n d i v i d u a l l y  and each one is stamped w i t h  the words, reward, 
return and Dr. C a r r ' s  address.  Dr. Carr pays the $5.00 reward f o r  infor-. 
mation re turned  and sends i t  on t o  us a t  once. The t a g s  a r e  c a t t l e - e a r  
t a g s  and a r e  set i n  p lace  by a spec ia l  (#48, Powr-r-ceps) app l i ca to r .  
Turtles were tagged on the p o s t e r i o r  edge of the le f t  f r o n t  flipper about 
10 cm d i s t a l  t o  the edge o f  the carapace. 
A 225 kg capac i ty  i ron-c lad  sp r ing  s c a l e  was 
The t o t a l  e r r o r  is approxi- 
The t a g s  used (Nasco No. 1005; S ize  no. 49)  were provided by Dr. 
They a r e  made of monel 
Reproductive Characteristics 
and o t h e r  reproduct ive  parameters begins  w i t h  the c o l l e c t i o n  o f  eggs. 
General ly  this was done a s  the eggs were deposi ted.  
t i a l  clutches t h a t  were be ing  destroyed by raccoons when discovered were 
a l s o  taken. Standard procedure c a l l e d  f o r  a r ranging  the eggs i n  rows o f  
10 on the sand t o  a s su re  count ing accuracy. The eggs were then packed i n  
buckets w i t h  c a r e  being taken t h a t  sand from the nest si te insu la t ed  them 
from the bottom and sides. 
eggs. 
i n g ,  b u t  green tur t le  eggs,  f o r  which  we lack  sufficient d a t a ,  were 
occas iona l ly  taken approximately 24 hrs. a f t e r  l ay ing  ( a s ,  e.g., on a 
Monday n igh t ,  the survey crew not  having worked on Sunday). In t h a t  
c a s e ,  eggs were handled w i t h  extreme c a r e ,  so t h a t  each one remained 
r i g h t  side up. R e p t i l i a n  embryos a t t a c h  t o  the underside of  the shell 
near  the top ,  a s  the egg comes t o  1 ie ,  and should not be tumbled 
thereafter. 
Considerat ion o f  clutch s i z e ,  f e r t i l i t y  r a t e s ,  egg s i z e  and weight ,  
Occasional ly ,  par- 
A t  l e a s t  5 cm of  sand covered the uppermost 
Loggerhead eggs were seldom taken a t  o t h e r  than the time o f  lay-  
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The egg buckets *re then taken to an open, mobile-home type t r a i l e r  
a t  the Merritt Island lab. 
were temporarily removed from each clutch, weighed (on a Mettler torsion 
balance) and measured. Turtle eggs are not  perfectly round (a few are 
d is t inc t ly  oval) and so minimum diameters were inedsured. Incubation tern- 
peratures were n o t  controlled and the t r a i l e r  was n o t  air-conditioned. 
Mid-morning ambient temperatures ranged from 26.1OC t o  30°C i n  August and 
25.8OC t o  28OC i n  September, 1976. Temperatures i n  two clutch centers 
ranged from 26.9OC t o  30°C i n  Augus t  and 26.2OC t o  28.4OC in September of 
the same year. 
27.7OC in October and 15.5OC t o  26.7OC i n  November, 1978. Temperature 
relations were not under study as  a primary project objective b u t  the 
effects  of temperature and other physical factors were investigated i n -  
tensively by M e  A. McGehee i n  1977 and 1978. The master's thes i s  report- 
i n g  the resul ts  i s  i n  second draf t .  
Before placement i n  the hatchery, 20 eggs 
Temperature i n  clutch centers ranged from 20rloC t o  
Upon hatching, young t u r t l e s  were removed from the surface or dug 
out .  A ser ies  of measurements (carapace length s t ra ight  l ine ,  carapace 
wid th  s t r a i g h t  line, plastron length, and body depth) was made for  20 
individuals o f  each clutch. All 20 were also weighed. Thereafter, they 
rejoined their clutch mates and were taken t o  the beach. Releases were 
made h i g h  on the beach, simulating natural nest placement and, whenever 
possible, d u r i n g  the morning hours of the day of f irst  appearance a t  the 
sand surface. 
Eggs t h a t  remained unhatched a f t e r  80 days were cut open and 
examined. 
i n f e r t i l e  any egg i n  which no development was vis ible  t o  the unaided eye. 
For some of the clutches, discrepancies arose between the number of eggs 
reported and the number accounted for  i n  a l l  three years. The causes of 
this probably included human error  i n  counting, a1 though the counting 
procedure noted above s h o u l d  have nearly eliminated t h i s  factor. Other 
sources of discrepancies include the tearing and obliteration of infer- 
t i l e  eggs by hatchlings, and the phenornenon of  t w i n n i n g .  There i s  virtu- 
a l ly  no way t o  account for e i ther  without increasing mortality. 
of these discrepancies, minimum f e r t i l i t y  ra tes  (assuring a l l  unaccounted 
for  eggs were in fe r t i l e )  were computed and maximum f e r t i l  i t y  ra tes  
(assuming a l l  unaccounted for eggs were f e r t i l e )  were computed. 
We followed Hughes, Bass, and Mentis (1967) i n  recording as 
Because 
Estimation of the total  number of t u r t l e s  which nest on any given 
s t re tch o f  beach i s  generally confounded by a number of factors,  among 
them: f a l se  crawls, non-uniform coverage, and variation i n  the number and 
location of nesting emergences subsequent t o  the first. 
knowledge, techniques of population estimation commonly employed t o  
estimate densi t ies  of other k i n d s  of animals, such as the 
Lincoln-Peterson Index and the Schnabel Method have not  been applied to 
sea t u r t l e  data. Other workers (Richardson, 1978; Hughes, 1974) have 
employed custom methods t h a t  are particularly suited to their use. 
was our  hope t o  be able t o  estimate total  numbers a t  KSC simply by 
enumeration. We assumed t h a t  a f t e r  h a v i n g  tagged intensively d u r i n g  the 
first half of the season, we would observe a recapture frequency t h a t  
approached 100 percent i n  the second h a l f  of the season. As Figure 2, a 
three-year compil a t i o n  of weekly recapture ra tes  shows, the ra te  remained 
below 50 percent until the 13th e e k  of the season, and then rose t o  only 
65 percent. By tha t  time, however, total  numbers o f  nesting animals had 
To our  
I t  
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decreased greatly and the 65 percent f igure i s  based on considerably 
fewer animals t h a n  are ea r l i e r  percentages shown there. 
As a resu l t ,  we f e l t  compelled t o  t r y  to  apply estimation techniques 
t o  our da ta .  
t ion of the assumption of no immigration or emigration. There i s ,  how- 
ever, no reason t o  believe that  t u r t l e s  originally tagged a t  KSC are  
going elsewhere fo r  subsequent nesting. Furthermore, only 7 of 318 (2.2 
percent) in 1976 (Appendix Table 1) , 11 of 274 (4 percent) in 1977 
(Appendix Table 2 ) ,  and 9 of 652 (1.4 percent) i n  1978 (Appendix Table 3)  
were tagged outside of KSC. The number of strange recaptures was larger  
t h a n  nine in 1978, b u t  most of them had been tagged by a National Park 
Service crew on the KSC beach i n  Volusia County. Accordingly, we regard- 
ed the overall ra te  (2.1 percent) as negligible and proceeded t o ,  in the 
f i r s t  case, apply the Lincol n-Peterson Method (Smith, 1966). The 
Schnabel Method, as published by Schnabel (1938), i s  a variant of the 
Lincoln Index under a f u l l y  specified s t a t i s t i ca l  model. Overton (1971) 
points out, however, t h a t  "the assumptions necessary for  a ful ly  speci- 
fied s t a t i s t i c a l  model are seldom tenable, and wildlifers are usually 
inore interested in the adequate model with the fewest assumptions. The 
estimator can be derived from a 'canonical model , which in e f fec t  i s  a 
general ization of a l l  models leading t o  the estimator, and the model i s  
found t o  be closely related t o  the  model developed for  the Lincoln 
Index." 
data because i t  allows for  a be t te r  estimate, the resul t  of continuous 
refinement of a ser ies  of estimates. Confidence l imits  for  the Schnabel 
Method were calculated according t o  the procedure given by Ricker (1975). 
Virtually a l l  of the data collected in the original three phases of 
the study are stored on computer cards and discs. 
fourth phase, mortality documentation, i s  n o t  as extensive and has been 
handled conventionally t h u s  far.  
operations where chi-square and t procedures were carried out  on a cal- 
culators the analysis of data was performed under the procedures of the 
computer system known as SAS (Sta t i s t ica l  Analysis System, Barr e t  al . ,  
1976). The two most commonly used s t a t i s t i ca l  procedures were analysis 
o f  variance and regression analysis. Both of these e r e  performed under 
the General Linear Model (GLM) procedure of SAS (PROC GLM). Where i t  
became necessary t o  follow the analysis of variance with a multiple com- 
parison test ,  Duncan's Multiple Range Test was used, under the DUNCAM 
procedure of SAS. 
ranges, and number of observations) fo r  vir tual ly  a l l  data sets were com- 
puted under the PROC MEANS procedure of SAS. In those cases where i t  was 
deemed useful t o  display the dis t r ibut ion of points in a regression anal- 
y s i s  the PROC PLOT SAS procedure was used. 
where chi-square was used, the option for  tha t  t e s t  in the PROC FREQ 
procedure o f  SAS was used. 
One of the principal objections t o  t h i s  would be the viola- 
Accordingly, we have also applied the Schnabel Method to our 
The data set  from the 
With the exception of a few minor 
Summary s t a t i s t i c s  (means, s t a n d a r d  deviations, 
Finally, in a few instances 
Mortal i ty  
the KSC area were simple and direct .  
operation of Captain Henry Morgan and his Florida Marine patrol s taff  
Procedures involved in the documentation of sea t u r t l e  mortality in 
We benefited by the excellent co- 
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(especialy L t .  4. Rizzo) who provided us w i t h  prompt information about 
beached carcasses. 
National Seashore rangers, Pan Am security personnel a t  CCAFS and others. 
Information was also provided by the Canaveral 
We attempted t o  substantiate each report, whenever possible, by going 
t o  the reported location of the carcass and by removing the entire animal 
o r  i t s  skull t o  our  l a b  on Merritt Island. Most of the  carcasses were in 
advanced stages of decomposition. 
the carcasses or  t o  remove the skull and bury the body for the following 
three reasons : 




We wanted t o  examine t h e m  for signs of cause of death. 
We wanted t o  have voucher specimens on hand for as many of our 
records as possible. 
We wanted t o  avoid counting the same carcass twice (they can wash 
i n  and out and move laterally along the beach and be reported by 
more t h a n  one person), 
Not a l l  strandings could be investigated, however, and reports began t o  
come i n  from a variety of sources. The  records, therefore, began t o  fall 
i n t o  various levels of verification. As a result, we began t o  c l a s s i fy  
each of our sea turtle mortality records according t o  the following 
scheme: 
1. Specimen (skull and/or carcass) in our possession; have measure- 
ments and computed weight. 
2. Carcass reported by reliable source, known t o  have been disposed 
of by burying or removal from beach. 
3. Carcass reported by reliable source, confirmed by follow-up phone 
call , disposition uncertain. 
4. Unconfirmed report, disposition uncertain. 
There were few facil i t ies a t  the Merritt Island l ab  for curatorial 
work on the specimens collected. 
the rotting carcasses and skulls i n  a make-shift outdoor morgue for 
cleaning by maggots, ants, beetles, and other insects. The lack of pro- 
fessional curatorial care, the need for which was unforeseeable prior t o  
October, 1977, has resulted i n  the loss of some specimens. The cleaning, 
g l u i n g ,  and labeling are continuing on an as-time-permits basis a t  this 
writing. 
There were no alternatives t o  p l ac ing  
Lagoonal P o p u l  a t  i on 
mesh (25-38 cm) nets, ranging from 150 t o  230 m i n  length, were used. 
Turtles were captured throughout  the year by netting. Three large 
They were deployed i n  three lagoonal systems; Indian River, Banana River, 
and Mosquito Lagoon, surrounding the Kennedy Space Center (Figure 3). 
These interconnecting lagoons are characterized by being long, narrow, 
shallow bodies of water. Average depth  i s  1.5 m w i t h  depths greater t h a n  
3 m confined t o  dredged basins and the channel of the Intracoastal Water- 
way. Most of  the lagoonal system i s  composed of shallow grass f la ts  
areas, major species being S rin odium filiforme and Halodue wrightii. 
There i s  no t i d a l m n c e  i n  the Salinity ranged from 25 t o  +4 ppt. 
system except near ocean inlets' w i t h  most water movement being wind 
driven. 
1 7  
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Map of lagoonal study area showing sites netted, 1976-1979. 
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B o t h  Mosquito Lagoon and Indian River were netted monthly, while the 
Banana River sampling was done bi-monthly. 
a l l  netting s i t e s  with the size of the dot corresponding to  the level of 
sampling effor t .  
i t  being the most productive area ( i n  terms of catch-per-unit-effort). 
Netting e f f o r t  averaged approximately 5 days per month, with nets being 
deployed fo r  greater lengths of time during the summer months (May to  
September) e 
The d o t s  i n  Figure 3 indicate 
The most intensive netting occurred in Mosquito Lagoon, 
Nets were checked three times d u r i n g  the day; i n  the early morning, 
mid-day, and approximately an hour  before dark. Nets deployed in the 
Banana River had been checked throughout the night since the beginning of 
the project because the 1 arge concentration o f  manatees (Trichechus 
manatus) in the area increased the probability of catching one in our 
nets. Since September, 1978, nets i n  Mosquito Lagoon and the Indian 
River, were also checked throughout the n i g h t  due t o  the possibil i ty of 
entangling and drowing a bottle-nosed dolphin (Tursiops truncatus) 
1978, when record-breaki ng cold temperatures caused Chelonia and Caretta 
t o  come t o  the surface i n  a stunned condition. The lagoon was patrolled 
i n  our 1 7  f t .  whaler in the early morning hours when water temperatures 
were a t  a minimum (ca. 4-8°C). All t u r t l e s  found floating or stranded 
were taken (Ehrhart ,  1977). The Florida Marine Patrol helped greatly i n  
the collection of stunned animals froin the Indian and Banana Rivers as 
well as Mosquito Lagoon. 
stunning episodes, were taken t o  our  lab and weighed on a platform scale 
t o  the nearest 0.1 kg .  Straight-l ine carapace lengths, widths, and head 
widths were measured with a fo re s t e r ' s  caliper, Over-the-curve 1 engths, 
wid ths ,  and plastron lengths were ineasured with a metal tape measure. 
All l inear  measurements were made t o  the nearest 0.1 em. Turtles were 
f l  ipper tagged u s i n g  monel t a g s ,  photographed, and released near the 
point of capture. 
Turtles were also collected in a unique way in January of 1977 and 
All t u r t l e s  collected, both during the netting operation and cold- 
Si ze estimates for  1 agoonal Caretta and Chelonia populations were 
made using the Schumacher, S c h n a m d  Hayne Methods (Hayne, 1949; 
Ricker, 1975). Ni nety-five percent confidence interval s were calculated 
for the Schumacher and Schnabel estimates following Ricker, 1975. Analy- 
s is  of  variance and regression analysis on morphometric data were accom- 
plished using the GLM procedure i n  the SAS computer package (Barr e t  al.,  
1976). Significant differences i n  the weight and size distributions and 
means between and within species were determined by X* and t - tes t s .  
Results 
Nest i ng Adul t s  
Composition, Total Numbers and Estimates 
During the 1976 nesting season, 318 Atlantic loggerhead t u r t l e s  
(Caretta care t ta )  and three A t 1  antic green t u r t l e s  (Chelonia mydas) 
encountered a t  KSCI We are  reasonably certain tha t  a t  l eas t  one were 
19 
additional green t u r t l e  nested a t  KSC i n  1976 because the clutch, which 
hatched a t  our  laboratory, was la id  a t  a time tha t  ruled o u t  deposition 
by one of those observed. The three green tu r t l e s  constituted 0.9 per- 
cent’ of the  nesting assemblage, the r e s t  (99.1 percent) were loggerheads. 
percent) were observed, and i n  1978, 652 loggerheads (97.9 percent) and 
14 green t u r t l e s  (2.1 percent). 
approximately 98.4 percent of the nesting assemblage, and green t u r t l e s  
make up the remaining 1.6 percent. 
The Peterson estimate of the number of loggerheads nesting on 40 km 
of beach i n  1976 i s  598 + 135 and the Schnabel estimate is 751 (676 - 
868, 95 percent confidence). In  1977, f o r  34 km, the Peterson estimate 
i s  572 + 133 and the Schnabel technique yields 612 (551 - 707). 
and SchFabel estimates for  t he  43 km of beach covered in 1978 are  940 + 
121 and 1,127 (879 - 1,441).  Because of the variation in coverage these 
estimates are n o t  as useful for  year-to-year comparisons as those which 
are given in Table 2. Those in Table 2 are  corrected t o  estimate the 
population nesting only in  34 km each year. Those estimates, ranginy 
frorn 512 t o  810 (Peterson) and 612 t o  1,063 (Schnabel), correspond to the 
to t a l s  actually enumerated and seem to  indicate a marked increase i n  log- 
gerhead nesting in 1978. The estimates, however, are just as sensit ive 
t o  level of e f fo r t  (kilometers of beach covered and number o f  nights in 
survey) as a re  the raw counts. Level of e f for t  must be accounted for in 
any valid comparison of one year w i t h  another. Since the values in Table 
2 are  already corrected t o  re f lec t  t o t a l s  and estimates for  a uniform 34 
km s t re tch of beach, i t  i s  necessary only t o  divide each by the number of 
survey n i g h t s  per season to  produce a catch-per-unit-effort index, the 
units of which are number of t u r t l e s  per survey night. Table 3 contains 
the values froin Table 2 converted t o  such an index. The indices in that 
table  re la t ing t o  actual t u r t l e s  encountered and t o  the Peterson and 
Schnabel estimates are  uniformly higher for 1978.. 
In  1977, 274 loggerheads (98.9 percent) and three green t u r t l e s  (1.1 
Overall, therefore, loggerheads comprise 
Peterson 
The population estimates in Table 2 provide a means for estimating 
the total  reproductive potential of the KSC nesting population. A1 though 
i t  i s  t rue tha t  elsewhere in Florida individual t u r t l e s  have been ob- 
served nesting nine times in one season (F. Lund, pers. comm.) and t h a t  
we have good evidence to  indicate t h a t  some KSC loggerheads nest as often 
as six or seven times, i t  i s  a1 so true t h a t  only 203 (31 percent) of 652 
loggerheads are positively known t o  have nested two or more times in the 
1978 season. I t  now appears tha t  ea r l i e r  assumptions regarding the aver- 
age number of times a female t u r t l e  nests in a season were in error and 
that  the average number i s  between two and three. Considering the dif- 
ference in the estimates i n  Table 2,  t h i s  means that  the number of 
clutches deposited on a 34 km st retch of KSC beach may vary from about 
1,250 t o  2,650. Considering tha t  mean clutch size is  111-112, i t  means 
tha t  about 130,000 t o  300,000 eggs may be la id  on that  beach in any given 
year. The en t i re  KSC-CCAFS complex includes 58 km of beach. Assuming 
that  nesting density i s  re la t ively uniform throughout (see below), the 




Total number of 1 oggerhead t u r t l e s  encountered and estimates of the population 
nesting on 34 km beach a t  the John F. Kennedy Space Center, 1976-1978. 
Year 
1976 
T u r t  1 es Encountered 
2 72 









(439- 705 ) (551-707 ) 
81 0 
(679 - 941 ) 
Figures i n  parenthesis are 95 percent confidence interval. 
Table 3 
1,063 
(893 - 1,288) 
Catch- per-uni t -e f for t  indices (number of tu r t l  es per survey n i g h t )  correspond- 
i n g  t o  numbers and estimates i n  Table 2. 
Year Turtles Encountered Peterson Index Schnabel Estimates 
1976 5.1 9.7 12.1 
1977 4.6 9.5 10.2 
-
1978 7.0 10.1 13.3 
21 
1 
The small number of green t u r t l e s  tha t  nests a t  KSC makes the use of 
estimation techniques impossible and unnecessary. 
and nest s i t e  signs d i f f e r  froin those of logyerheads and can be dis t in-  
guished easi ly  by the trained eye. Very few green t u r t l e  nesting etner- 
gences were inissed, even i f  the animal i t s e l f  was n o t  seen. In 1976, 
there were not inany more than four green t u r t l e s  nesting a t  KSC and i n  
1977 not inany more than three. The 1978 season was a re la t ively good one 
fo r  Chelonia and we recorded 23 successful nesting ernergences. These ere 
accomplished by not l e s s  than 14 individual tu r t les .  
Green t u r t l e  tracks 
The total  observed egg production for  the 43 km of beach covered i n  
1978 was 2,840, a l l  o f  which w e n t  into our protective incubation pro- 
gram. 
extent o f  KSC-CCAFS beach, i t  i s  possible that  30 t o  35 green turtle 
clutches are deposited there i n  a good year, l i k e  1978. 
of eggs involved would be approximately 3,900 t o  4,500. 
Assuming t ha t  green t u r t l e  nesting is  uniform throughout the 58 km 
The complement 
A perfect def ini t ion of  the d i s t r i b u t i o n  of  nesting emergences among 
specific kilometers of beach a t  KSC is  not attainable w i t h  the present 
d a t a .  Variation i n  vehicle availability', personnel, t ides ,  and security 
authorization affected the uniformity of coverage significantly.  Figure 
4 summarizes the dis t r ibut ion of encounters over the 1976-78 period. I t  
re f lec ts  the fac t  t h a t  the greatest  concentration of e f for t  was a t  Playa- 
linda Beach (0-8 km S of the zero p o i n t )  b u t  a l s o  gives a general view of 
the spread of encounter l oca l i t i e s  d u r i n g  the three seasons. The unifor- 
mity of beach coverage was considerably greater i n  1978 t h a n  i n  1976 and 
1977 and so the data for  that  year are quali tatively more instructive. 
Figure 5 shows the dis t r ibut ion of loggerhead t u r t l e  encounters among the 
43 km o f  beach surveyed t h a t  year. A chi-square t e s t  for  independence 
revealed tha t  the observed d i s t r i b u t i o n  i s  not  uniform (X2 = 197, d f  = 
45, c r i t i ca l  value1.79, p<O.Ol) b u t ,  because of the biases noted above, i t  
i s  not valid t o  say t h a t  any one section i s  a bet ter  nesting beach t h a n  
any other. The most important resul t  of this analysis,  shown clear ly  by 
Figure 5, i s  tha t  there are no sections i n  which nesting density i s  par- 
t i cu la r ly  or abnormally low. 
The number of green t u r t l e s  nesting a t  KSC i s  small (20 individuals 
i n  3 years) and l i t t l e  can be concluded concerning the distribution of 
Chelonia nesting within KSC. Figure 6 summarizes the loca l i ty  data for 
green t u r t l e s  i n  1976, 1977 and 1978 and suggests some concentration of 
nesting in the  more northerly extent of the space center. 
Morphological Characterist ics of  the Nesting Population 
Measurements of carapace length and width, plastron length, head 
w i d t h ,  and wi g h t  fo r  1 oggerhead-turtl es  encountered i n  1976, 1977, and 
1978 are  compiled i n  Appendix Tables 4, 5, and 6. Figures 7 ,  8, 9, and 
10 present the means, ranges, and s tandard  deviations for al l  3 years for 
s t ra ight l  ine carapace 1 ength (CLSL)  , st raight l  ine caparace width (CWSL) , 
over-curve carapace 1 ength (CLOC) , overcurve carapace width (CWOC) , pl as- 
tron length ( P L ) ,  head wi-dth ( H W ) ,  and wight. The 1978 mean for each of 
these measurements is  smaller than that  for 1976 or 1977. 
variance of weight  data revealed that  there were indeed differences among 




Figure 4. Relative distribution o f  loggerhead turtles (Caretta caretta) 
encountered on KSC nesting beach, 1976-1978. 
diagonal-lined area is  proportional t o  density 
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M u l t i p l e  Range Test f u r t h e r  revealed t h a t  the  loggerheads nes t ing  i n  1978 
weighed l e s s  than those o f  t h e  previous years (Appendix Table 8). Analy- 
s i s  o f  variance i n  CLSL data confirmed s i g n i f i c a n t  d i f f e rences  among 
means a t  ~(0.036 (Appendix Table 9). 
(Appendix Table 10) demonstrated t h a t  t he  1978 mean was s i g n i f i c a n t l y  
smal ler  than t h a t  f o r  1977 (~(0.05) bu t  not smaller than t h e  1976 mean. 
For CLOC t h e  ana lys is  o f  variance ind i ca ted  s i g n i f i c a n t  d i f f e rences  among 
means a t  p<0.013 (Appendix Table 11) and the  Duncan procedure c l e a r l y  
(p<0.05) separated t h e  smal ler  1978 means from the  others (Appendix Table 
Duncan's m u l t i p l e  range t e s t  
12) . 
The ana lys is  o f  variance o f  CWSL data revealed s i g n i f i c a n t  d i f f e r -  
ences among means (Appendix Table 13). 
14) showed tha t ,  as i n  the  case o f  CLSL, the  1978 mean was s i g n i f i c a n t l y  
smaller than t h a t  f o r  1977 (p<0.05), bu t  not smaller than t h e  1976 mean. 
There were a lso  d i f f e rences  i n  PL means (Appendix Table 15; p<0.007) and 
again t h e  smal lest  mean was i n  1978. Duncan's procedure (Appendix Table 
16) shows t h a t  t he  1978 mean d i f f e r s  s i g n i f i c a n t l y  from the  1977 one, but 
not from t h a t  o f  1976, a t  p<0.05. 
weight and CLOC i n  t h a t  t h e  ana lys is  o f  variance confirms s i g n i f i c a n t  
d i f f e rences  among means (Appendix Table 17 ;  p<O.OOOl) and Duncan's m u l t i -  
p l e  range t e s t  c l e a r l y  separates the  smaller 1978 mean froin the  others 
(Appendix Table 18; p<0.05). Only i n  t h e  case o f  CWOC d i d  t h e  ana lys is  
o f  var iance f a i l  t o  i n d i c a t e  s i g n i f i c a n t  d i f f e rences  among annual means 
(Appendix Table 19). Th is  i s  t h e  l e a s t  p rec ise  and most va r iab le  o f  a l l  
t he  measurements, because o f  v a r i a t i o n  and i r r e g u l  a r i  t i e s  i n  she1 1 
shape. 
the  d i f f e r e n c e  was not  s i g n i f i c a n t  a t  p<0.05. It i s  c lear ,  nevertheless, 
t h a t  t he  i n d i v i d u a l s  o f  t h e  1978 loggerhead populat ion were s i g n i f i c a n t l y  
smaller than those o f  1976 and 1977. 
The Duncan t e s t  (Appendix Table 
Head width fo l l ows  the  pa t te rn  o f  
Although t h e  1978 mean was smaller than t h e  others (F igure  8 ) ,  
Corresponding t o  these changes i n  morphometric means are s h i f t s  i n  
s i z e  and weight c lass  d i s t r i b u t i o n s .  F igure 11 shows the  frequency d is -  
t r i b u t i o n  o f  loggerhead weights f o r  a l l  3 years. The sh i ' f t  toward t h e  ' 
lower end o f  t h e  d i s t r i b u t i o n  i n  1978 i s  small but no t iceab le  and a X2 
t e s t  f o r  independence conf i rms t h a t  t h e  data a re  d i s t r i b u t e d  d i f f e r e n t l y  
(X2 = 25.4, d f  = 12, c r i t i c a l  value=21.0). The same s h i f t  i s  ev ident  i n  
t h e  d i s t r i b u t i o n s  o f  CLOC (F igure 12) bu t  t h e  s t a t i s t i c a l  s ign i f i cance  i s  
s l i g h t l y  l e s s  convincing. 
c r i t i c a l  value f o r  p<0.05 i s  15.5. It can be sa id  t h a t  t h e  d i s t r i b u t i o n s  
are independent a t  the  p<0.06 leve l .  
The analyses o f  regress ion o f  loggerhead CWSL on CLSL and o f  CWOC and 
CLOC a re  presented i n  Appendix Figures 1 and 2. The squared c o r r e l a t i o n  
c o e f f i c i e n t s  (sometimes c a l l e d  c o e f f i c i e n t s  o f  determinat ion)  , regress ion 
equations f o r  t h e  re la t i onsh ips ,  and p r o b a b i l i t y  values ( t h e  p r o b a b i l i t y  
t h a t  such a d i s t r i b u t i o n  o f  po in ts  would r e s u l t  i f  there  were not a l i n -  
ear r e l a t i o n s h i p  between the  fac to rs )  are given on each f igure .  
c o e f f i c i e n t  i s  cons iderably  h igher  f o r  t h e  over-curve measurements than 
f o r  s t r a i g h t - l i n e  ones, even though the  l a t t e r  method i s  the  accepted 
conventional one f o r  t u r t l e s  i n  general. The b e t t e r  c o r r e l a t i o n  o f  CLOC 
w i t h  CWOC r e s u l t s ,  o f  course, from the  f a c t  t h a t  over-curve measurements 
take t h e  t h i r d  s h e l l  dimension, depth, i n t o  account. 
The X2 value here i s  15.0 w i t h  8 df. The 
The 
32 
Over 800 measurements of  loggerhead weights were made during the 
study. 
ever assembled. Linear  r e l a t i o n s h p s  between weight and 1 i n e a r  
measurements were analyz*ed because o their  p o t e n t i a l  va lue  t o  o t h e r  
i n v e s t i g a t o r s  elsewhere and i n  the future a t  KSC. They may l ack  t h e  
means t o  weigh turtles bu t  can always ob ta in  shell measurements. The 
a n a l y s i s  o f  r eg res s ions  o f  weight on CLSL, on CLOC, CWSL, CWOC, and PL 
are given i n  Appendix Figures  3, 4 ,  5, 6 ,  and 7. P va lues  f o r  a l l  of 
these r e l a t i o n s h i p s  a r e  <0.0001. The two l i n e a r  c h a r a c t e r s  t h a t  a r e  most 
h ighly  c o r r e l a t e d  w i t h  weight and, t h e r e f o r e ,  the most useful f o r  prediq- 
t i o n ,  are CLOC ( r 2  = 0.71) and PL ( r 2  = 0.72). The l e a s t  useful one is 
CWSL ( r 2  = 0.51). 
Measurements o f  carapace length  and width,  p l a s t ron  l eng th ,  head 
width,  and weight f o r  green turtles encountered i n  1976, 1977, and 1978 
a r e  compiled i n  Appendix Tables  20, 21, and 22. Figures  13, 14,  15, and 
10 present the means, ranges and s tandard  dev ia t ions  f o r  a l l  3 y e a r s  f o r  
CLSL, CWSL, CLOC, CWOC, PL,  HW, and weight. Although the small numbers 
o f  animals  examined i n  1976 and 1977 make year- to-year  comparisons tenu- 
ous,  ana lyses  o f  var iance  were performed on t h e  green tur t le  data .  They 
revea led  no s i g n i f i c a n t  d i f f e r e n c e s  among the y e a r s  f o r  any o f  these mor- 
phomet r ic  cha rac t e r s .  
T h i s  i s  by f a r  the most extensive body o f  sea turtle weight d a t a  
Regression ana lyses  i d e n t i c a l  t o  t h o s e  performed on loggerhead 
length-width and length-weight re lGt ionships  were a1 so used t o  analyze 
the much smal le r  body o f  Chelonia da ta .  
ments and the 14 weights  a r e  only margina l ly  adequate t o  examine these 
r e l a t i o n s h i p s  but  t hey  c o n s t i t u t e  the f irst  such compilat ion and a n a l y s i s  
f o r  a d u l t  F lo r ida  green turtles. The l i n e a r  r eg res s ions  of CLSL and CWSL 
and o f  CLOC on CWOC a r e  presented i n  Appendix F igures  8 and 9. I t  can be 
seen t h a t ,  a s  i n  loggerheads,  there is a much more f a i t h f u l  r e l a t i o n s h i p  
between over-curve measurements than  s t r a i g h t - l i n e  ones. Indeed, t h e  
c o r r e l a t i o n  of  CWSL and CLSL is  very oor  (r2 = 0.26; ~(0.06) i n  compari- 
son t o  CWOC-CLOC f o r  green turtles ( r B  = 0.60; p<O.OOl) and t o  a l l  of 
t h o s e  given f o r  loggerheads above. 
The 20 sets of  l i n e a r  measure- 
Appendix Figures  10, 11, 12 ,  13, and 14 present the regress ion  o f  
Chelonia weights  on CLSL, CLOC, CWSL, CWOC, and PL. Unlike the condi t ion  
w r h e a d s ,  where weight i s  more h ighly  c o r r e l a t e d  w i t h  CLOC than any 
o t h e r  carapace measurement, i n  green turtles the bes t  c o r r e l a t i o n  is w i t h  
CLSL ( r 2  = 0.78; p<O.OOOl). As i n  loggerheads,  PL i s  a l s o  a highly reli- 
a b l e  p r e d i c t o r  o f  we ght ( r 2  = 0.68; p<0.0003) and CWSL is  v i r t u a l l y  un- 
r e l a t e d  t o  weight ( r h  = 0.18; p<0.13). 
Changes i n  weight and carapace length  over-curve exh ib i t ed  by 39 log- 
gerheads and two green turt les nes t ing  a t  2,  3, 4 and 5-year i n t e r v a l s ,  
a r e  compiled i n  Appendix Table  23. 
weighed a t  both the o r i g i n a l  and subsequent encounters  but  t h e  d a t a  
reveal  no c l ea r - cu t  t rend.  Ten o f  18 changes were w i t h i n  the limits of  
measurement e r r o r  ( 5  percent )  and seven of them were a c t u a l l y  recorded a s  
having l o s t  weight. 
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Changes i n  CLOC also exhibit great variation, b u t  when they are com- 
I n  Appendix Table 23 and for  purposes of analysis, any negative 
piled according t o  year-class a weak trend is  discernable (Appendix Table 
24).  
change was regarded as  result ing fl om abrasion and recorded as zero. The 
trend i n  the resul ts  of Appendix Table 24 involves a s l ight  b u t  uniform 
increase in shell length from 0.95 cm i n  2-year recaptures t o  2,3 cm i n  4 
and 5-year recaptures. 
very slowly. 
too sparse to  allow further s t a t i s t i ca l  treatment. 
There is no question that adult loggerheads grow 
The limited data available support this conclusion b u t  are 
In 1978, fo r  the f i r s t  time, two t u r t l e s  returned t o  KSC a f t e r  a 
second multi-annual interval. One of these, No. C2311, i s  an interesting 
case, 
t u r t l e  returning to  nest in successive years. Virtually a l l  o f  them 
return in 2 ,  3 o r  possibly more years. C2311 was tagged in 1973 and when 
i t  returned in 1977 i t  had gained no weight (recorded as having lost  
about 1 kg) and three major shell dimensions had increased by only 
0.5-1-8 cm. 
nately we were unable t o  weigh her tha t  time b u t  the three major shell 
dimensions increased markedly. Carapace length over-curve increased from 
94*5 cm t o  99.5 cm; s t ra ight- l ine length increased from 88.5 cm t o  93.0 
cm; and plastron length increased from 66.8 t o  72.1 em. All t h a t  growth 
occurred in 1 year in an animal that  had not grown a t  a l l  i n  the 4 pre- 
vious years. 
years and i t s  unusual growth may be reflections of having encountered 
unusually good environmental conditions d u r i n g  the year. If so, this 
phenomenon could be related to  the overall increase i n  the nesting popu- 
la t ion seen in 1978. Unfortunately, however, no other 1-year re-nesters 
were encountered and the question remains unanswered. 
In only one other case i n  6 years (Ehrhart, 1976) have we seen a 
Oddly, the t u r t l e  returned i n  1978 t o  nest again, Unfortu- 
I t  seems possible t h a t  the animal’s return in successive 
The two green t u r t l e s ,  returning a t  2 and 3 year intervals,  exhibited 
increases in weight (4.5 and 4*6 k g )  that  are within the l imits  of mea- 
surement error  (5 percent). The 3-year returnee gained 1.6 cm in CLOC 
while the other one remained unchanged in this measurement. Many more 
multi-annual recaptures are needed for  any definit ion of a trend. 
Long-distance Recoveries 
There have been very few recoveries of KSC-tagged tu r t l e s  outside of 
the U. S .  
project are from the Bahama Islands (Appendix Table 25)9 the most distant 
about 600 km SE of KSC. 
around the southern t i p  o f  Florida because i t  was discovered dead near 
Sanibel Island, on the Gulf coast. 
Three of the-four t h a t  we have had dur ing  the course of t h i s  
The fourth record is  of one that  must have gone 
Reproductive Characterist ics of Caretta and Chelonia a t  KSC 
Multi-annual Periodicity and S i t e  F ix i t  
Records o f  multi-annual recoveries :f t u r t l e s  tagged a t  KSC are com- 
piled in Appendix Tables 26, 27, and 28. A su ary of those data i s  
presented in Table 4* 
tagged by us a t  KSC and recovered there had been tagged i n  1973, 
loggerheads were tagged in that  year so the f ive  recovered in 1976 
const i tute  a three-year recovery ra te  o f  about 10 percent. The other 
f ive  loggerheads recovered this year were among a group of 111 tagged 
1974, No single-year recoveries were observed in 1976* 
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The single multi-annual recovery of a green t u r t l e  observed at  KSC in 
T h i s  individual (A2790) was 
Green t u r t l e s  are known t o  exhibit 2 and 3 year cycles 
1976 i s  also l i s t ed  i n  Appendix Table 28, 
one of only two tagged i n  1974 and returned to  nest 7.0 km north of the 
original s i te .  
b u t  the l a t t e r  i s  thought t o  predominate. 
Only seven loggerheads tagged i n  previous years a t  KSC were recovered 
here in 1977. 
were tagged i n  the 3 year period from 1973 t o  1975. 
seven recoveries were 3-year tu r t les .  
group const i tute  a 4.5 percent recovery rate. 
1973 class  and one from the 1975 c lass  were recovered i n  1977. 
The number is surprisingly small i n  t h a t  283 loggerheads 
Only one t u r t l e  from the 
In 1977 f ive of 
The f ive  recoveries from the 1974 
In 1978, 22 loggerheads tagged in previous years a t  KSC were 
Surprisingly, the highest recovery ra te  (10 per- 
recovered. 
i n  the years 1973-1976. 
cent)  was from those tagged in 1973, 
year were back a t  KSC in 1978. 
before, a f t e r  e i ther  2 or 3 years,  t h e n  changed the cycle t o  return i n  
the f i f t h  year. 
This represents 3.6 percent of the total  number (601) tagged 
Five of the 51 t u r t l e s  tagged that 
Probably these t u r t l e s  had returned once 
I t  has generally been assumed that  the majority of loggerheads nest 
on 2 year cycles and tha t  a large minority nest a t  3 year intervals. 
data, however, indicate the 3 year cycle may be more comnon. As a case 
i n  point, the smallest recovery ra te  (1,8 percent) observed in 1978 was 
for  the most recent possible year-class, 1976. In t h a t  year 318 logger- 
heads were tagged, b u t ,  t o  ou r  knowledge, only 6 returned in 1978. Only 
f ive  animals tagged in 1975 were recovered, b u t  they consti tute 4.1 per- 
cent o f  the  year-class. 
recoveries def ini te ly  confuses the matter of multi-annual cycling in log- 
gerheads. The single green t u r t l e  recaptured in 1978 had originally been 
tagged in 1975. 
Our 
The thorough mixture of year-classes among the 
These multi-annual recoveries also provide considerable new informa- 
t ion  about the phenomenon of long-interval s i t e  f i x i t y  in loggerheads. 
Considerable attention has been given t o  the relat ively small number of 
1 oggerheads tagged while nes t ing  on the beach and subsequently recovered 
nesting a t  some distance elsewhere. Loggerheads have, therefore, been 
considered to  be less  site-tenacious t h a n  other species. The data in 
Table 4 ,  however, document the remarkable s i t e  f i x i t y  exhibited by 39 
t u r t l e s  i n  the 2-, 3-, 4-, and 5-year recoveries observed in th i s  study. 
The mean distance interval exhibited by these t u r t l e s  i s  only 5.47 km 
(3.4 miles). Although the fac t  that  our ac t iv i t i e s  are res t r ic ted to  a 
given s t re tch of beach would tend to  bias t h i s  mean, i t  should be 
recalled that  our coverage generally extended over 34 t o  43 km. 
should also be noted tha t  the mean annual interval between t a g g i n g  and 
recovery points varied very l i t t l e  (Table  41, As a matter of fac t ,  the 
interval was exactly the same (4.33 km) f o r  2-year recoveries as for  
5-year ones. 
s l igh t ly  greater a t  5*28 km and 4.66 km. 
I 
I t  
The means for 3-year and 4-year recoveries were only 
39 
Information gathered concerning the l e n g t h  of  t h e  nes t iny  season and 
the weekly i n t e n s i t y  of nes t ing  is  summarized in Fiyure 16. I t  i s  a c o w  
p o s i t e  graph i n  which d a t a  froiii 1976, 1977, and 1978 a r c  coinpiled. I t  
shows c l e a r l y  t h a t  loyyerhead nestiny i s  s t rony  throughout the entire 
iiionths of June and J u l y  and the f i rs t  week of  August. The peak of the 
season occurs  from the l a s t  week i n  June through the t h i r d  week o f  J u l y ,  
and al though there is  a troublesome depress ion  i n  the number of  turtles 
encountered dur ing  the week o f  5 Ju ly ,  i t  is probably a r t i f i c i a l .  
An a e r i a l  survey flown on 3 May 1976, revealed two sets of  sea t u r t l e  
t r a c k s  about 1 mile north of Cape Canaveral. 
and d i s t i n c t  and had probably been made the previous n ight  (2-3 May 
1976). On 4 May 1976, a park ranger  a t  Canaveral National Seashore (KSC) 
r epor t ed  a fresh tur t le  crawl t h a t  had d e f i n i t e l y  been made the previous 
n i g h t .  
The loggerhead nes t ing  season began somewhat l a t e r  a t  KSC i n  1977. 
The f i r s t  crawls  were repor t ed  a t  the beginning o f  the t h i r d  week i n  May. 
lnle began tagging  on 27 May and had the impression t h a t  the season was 
s t a r t i n g  more slowly than usual.  
repor ted  d u r i n g  the l a s t  week i n  April .  Eeach surveys dur ing  the second 
week i n  May revea led ,  however, t h a t  nes t ing  emergences were s t i l l  r a t h e r  
sporadic  and so f u l l - s c a l e  tagging  ope ra t ions  d id  not begin u n t i l  22 May. 
They were extremely c l e a r  
- 
The season seemed t o  begin e a r l y  i n  1978, with one crawl ( t r a c k )  
In 1976, on the n ight  of 20 August ( t h e  l a s t  n i g h t  of tagging  opera- 
t i o n s  on the beach) fou r  loggerheads (two new, two previous ly  tagged)  
were encountered. National Park Serv ice  personnel repor ted  a few crawls  
i n  the fol lowing week but  none a s  l a t e  a s  28 August, which was the l a t e s t  
d a t e  t h a t  we had ever encountered a nes t ing  loggerhead (Ehrhar t ,  1976). 
In 1977, the l a s t  loggerhead was tagged on 1 9  Augus t .  Following t h a t  
d a t e  we p a t r o l l e d  the beach on 22 August and 24 A u g u s t ,  f a i l e d  t o  encoun- 
t e r  any turtles and, t h e r e f o r e ,  ceased night- t ime beach ope ra t ions  a t  
t h a t  point.  In 1978 the l a s t  loggerhead was encountered on 29 A u g u s t ,  
adding 1 day t o  the known season l eng th  f o r  the species a t  KSC. 
P r i o r  t o  the 1977 season,  green turtles were not known t o  nest out- 
side of the month o f  Ju ly  a t  KSC. During t h a t  summer, however, females 
o f  t h a t  species were found nes t ing  on 27 June and 18 August. Then i n  
1978, both ends of  the season were expanded again.  Two Chelonia were 
discovered emerging t o  nest on 23  June 1978 and another  was discovered on 
22 Augus t .  Then on 28 August, a freshly depos i ted  clutch of green t u r t l e  
eggs was d iscovered ,  extending the season by 10  days beyond t h a t  known i n  
previous years .  
Re-emergence I n t e r v a l s  
The d i s t r i b u t i o n s  of within-season re-emergence i n t e r v a l s  f o r  the 
1976, 1977, and 1978 n e s t i n g  seasons are compiled f o r  loggerheads i n  
Appendix Tables 29, 30, and 31. In 1976, the most comonly  observed 
i n t e r v a l  was 17-18 days,  followed by 15-16 days. In 1977 and 1978, how- 
ever, the 13-14 day i n t e r v a l  predorrtinated. 
i n t e r v a l  f r equenc ie s  i s  given i n  Figure 17. 
A g raphic  comparison of these 
The 1-3 day i n t e r v a l s  
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i n  the Appendix Tables are simply reflections of re-emergences after 
failure t o  nest f o r  one reason or another and have no usefulness in 
resolving the problem of annual shifts in interval length. Similarly, it  
i s  clear t h a t  intervals 19 days and above are indications of secondary, 
tertiary, etc. nestings and are of l i t t l e  use i n  defining shifts i n  the 
primary interval. 
13-14, 15-16, and 17-18 day intervals were subjected to  a X 2  test  for 
independence. The result (X2 = 19.5, d f  = 6 ,  critical value = 12.6, 
p<0.05) confirms t h a t  re-emergence intervals were significantly longer i n  
the 1976 season and, more broadly, t h a t  the mean within-season re-emer- 
gence interval is a characteristic t h a t  is  subject t o  some var ia t ion  from 
year t o  year. 
analysis of  this feature f o r  t h a t  species. 
Therefore, the distributions of encounters a t  9-12, 
Too few green turtle re-emergences were observed t o  allow any 
Clutch Size 
clutches handled i n  1976, 1977, and 1978, Appendix Tables 35, 36, and 37 
are similar, for green turtle da ta .  The summary statist ics presented 
there include mean, standard deviation, range, and N. Figures 18 and 19 
al low visual comparison of the w i t h i n  year va r i a t ion  and between year 
variability. 
nificant difference among the mean clutch sizes for 1976, 1977, and 1978 
(for loggerheads). 
size (65-173), the overall annual means do n o t  vary appreciably, A re- 
gression analysis (Appendix Figure 15) showed t h a t  there i s  no trend 
toward increased o r  decreased clutch size as the season progresses. 
C l u t c h  size does vary, however, w i t h  the weight and size of the female 
parent, 
clearly t h a t  larger, heavier females l ay  larger clutches. 
Appendix Tables 32, 33, and 34 compile d a t a  fo r  a ? l  loggerhead 
An analysis of variance (Appendix Table 38) reveals no sig- 
A1 t h o u g h  there is  considerable variation in clutch 
The relationships graphed i n  Appendix Figures 16 and 17 show 
Too few green turtle clutches were Said a t  KSC i n  1976 and 1977 t o  
a l low statistical analysis similar t o  t h a t  performed i n  loggerhead d a t a ,  
above. 
Egg Weight and Diameter 
Appendix Tables 32, 33, and 34 display egg weight and diameter d a t a  
for loggerhead clutches handled i n  1976, 1977, and-1978. 
tur t le  d a t a  are i n  Appendix Tables 35, 36, and 37. 
t i cs  for these samples are graphed i n  Figures 20 and 21* 
visual comparison of va r i a t ion  and v a r i a b i l i t y ,  The analysis o f  variance 
for loggerhead egg weights (Appendix Table 39) and minimum egg diameters 
(Appendix  Table 41) and the companion multiple range tests (Appendix 
Tables 40 and 42) reveal t h a t ,  i n  spite of the apparent extreme unifor- 
mity of the annual means for  these measures, egg size and weight were 




The regression analyses presented i n  Appendix Figures 18 and 19 show 
t h a t  loggerhead egg size and weight do not change dur ing  the course of 
the season. 
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Too few green t u r t l e  clutches were l a i d  a t  KSC i n  1976 and 1977 t o  
pemi t s t a t i s t i c a l  t r ea tmen t  of the da ta .  
Incubat ion Pe r iods  
1976, 1977, and 1978 a r e  given i n  Appendix Tables  43, 44, and 45. The 
The d a t a  r e l a t i n g  t o  incubat ion  per iod l e n g t h s  f o r  loggerhead eggs i n  
same kinds of d a t a  f o r  green tur t le  eggs are g i v e n  i n  Appendix Tables  46, 
47, and 48. 
va t ion  e f f o r t  w i t h  the M e r r i t t  I s land  National Wi ld l i f e  Refuge and 
a n a l y s i s  o f  incubat ion  per iods  was not  a prime ob jec t ive .  Temperature 
and other c o n d i t i o n s  va r i ed  and no further a n a l y s i s  i s  warranted. The 
summary s ta t i s t ics  i n  the Appendix Tables  give a good idea  o f  the var ia -  
t i o n  i n  mean incubat ion  per iod lengths under the p r e v a i l i n g  condi t ions .  
T h i s  aspect of  the work was p r imar i ly  a coopera t ive  conser- 
F e r t i l i t y  Ra te s  
a r e  shown i n  Appendix Tables  49, 50, and 51. 
Minimum and maximuin f e r t i l i t y  r a t e s  observed i n  loggerhead clutches 
S imi l a r  da t a  f o r  green 
tu r t le  clutches, 1976-1978, a r e  i n  Appendix Tables  52, 53, and 54. 
Unlike incubat ion  per iods ,  f e r t i l  i t y  r a t e s  may be important comparative 
f a c t o r s  i n  the base l ine .  
v a r i a b i l i t y  i n  these parameters f o r  Caretta and Chelonia. 
s l i g h t  d i f f e r e n c e s  seen i n  minimum f e r t i l i t y  r a t e s  a r e  not s i g n i f i c a n t  
when t e s t e d  by a n a l y s i s  o f  var iance  (Appendix Table  55) .  Furthermore,  
minimum f e r t i l i t y  i s  no t  a f f e c t e d  by v a r i a t i o n  i n  size (CLOC) o r  bdeight 
of  the fernale parent .  
two f a c t o r s  produced c o e f f i c i e n t s  of  0.003 and 0.005. Neither i s  
f e r t i l i t y  a f f e c t e d  by v a r i a t i o n  i n  egg weight (r2 f o r  the r eg res s ion  is  
0.002) nor egg d i  arneter (r2 = 0.0001). 
r e l a t i o n s h i p  between fe r t i l  i t y  and cl u t c h  size (Appendix Figure 20) , and 
f e r t i l i t y  does  not change a s  the season progresses (Appendix Figure 21). 
and two i n  1977 prevent further s t a t i s t i c a l  t rea tment  of these f a c t o r s  
f o r  t h a t  species. 
Figures 22 and 23  show the v a r i a t i o n  and annual 
The very 
Analyses o f  the reg res s ions  of f e r t i l i t y  on these 
There i s  a1 so no 1 i n e a r  
The f ac t  t h a t  on ly  f o u r  green tur t le  c l u t c h e s  were recorded in 1976 
Hatch Rates  
ha tchery  a r e  presented f o r  loggerheads i n  Appendix Tables 56, 57, and 58 
and f o r  greet) turtles i n  Appendix Tables 59, 60, and 61. These d a t a ,  
l i k e  t h o s e  r e l a t i n g  t o  incubat ion  per iods ,  a r e  r e l evan t  p r imar i ly  t o  the 
coope ra t ive  prograrn of sea  tur t le  conserva t ion  and preserva t ion  and a r e  
not d i r e c t l y  a p p l i c a b l e  a s  b a s e l i n e  parameters and no further a n a l y s i s  i s  
warranted . 
Hatch r a t e s  and o t h e r  d a t a  r e l a t i v e  t o  the ac tua l  opera t ion  of  the 
Hathl i ng Morpho1 ogy 
Appendix Tables  62, 63, 64, 65, 66 and 67 inc lude  loggerhead hatch- 
l i n g  k i g h t  and l inear measurement d a t a  f o r  1976-1978. 
green t u r t l e  ha tch l ings  appear i n  Appendix Tables  68, 69, 70, 71, 72, and 
73. Figures 24, 25, and 26 provide v isua l  eva lua t ion  of the means and 
v a r i a t i o n  i n  these da ta  f o r  loggerheads;  and Figures  27, 28, and 29 do 
the same f o r  green turtles. 
S imi l a r  d a t a  f o r  
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Fi gurc 26. Summary o f  loggerhead hatch1 i ng weight measurements I) 1976-1978. 
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1976 1977 1978 
YEAR 
Figure 29. Summary o f  green turt le ha tch l ing  weights ,  1976-1978. 
56 
ha tch l ings '  appear t o  be extremely unvar iab le  (F igure  26) 
va r i ance  r e v e a l s  t h a t  there a r e  s i g n i f i c a n t  d i f f e r e n c e s  among the 3 y e a r s  
(Appendix Table  74).  
shows t h a t  i t  i s  t h e  1977 mean t h a t  d i f f e r s  from t h e  other two, tlatch- 
1 i ngs  apparent ly  were sl i g h t l y  1 i g h t e r  t h a t  yea r  and the l a r g e  N allowed 
d e t e c t i o n  o f  t h a t  d i f f e r e n c e o  
an a n a l y s i s  of  
Duncan's Mul t ip le  Range Test (Appendix Table  75) 
The ana lyses  o f  the loggerhead ha tch l ing  morphometric measurements 
present a c o n t r a d i c t o r y  t rend .  
a l l  3 y e a r s  (Appendix Tables  76 and 7 7 ) ,  and is g r e a t e s t  i n  1977. Cara- 
pace l e n g t h ,  on the o t h e r  hand, does not  d i f f e r  among the y e a r s  (Table  
78 ) ,  but  the mean is g r e a t e s t  i n  1977. I P l a s t r o n  length  is ,  again,  seen 
t o  be  s i g n i f i c a n t l y  g r e a t e r  i n  1977 than  i n  the o t h e r  2 years (Appendix 
Tables  79 and 80)-  The p a t t e r n  i n  body depth runs counter  t o  the t r end  
f o r  1 a r g e s t  means i n  1977 hatch1 ings  (Appendix Tab1 es 81 and 82) .  
this c h a r a c t e r  the 1976 mean is s i g n i f i c a n t l y  g r e a t e r  than the o t h e r  two. 
Carapace width d i f f e r s  s i g n i f i c a n t l y  i n  
In 
Marine Turtle Mor ta l i t y  i n  the KSC Area 
P r i o r  t o  the f a l l  o f  1977 the s t r a n d i n g  o f  sea turt le ca rcas ses  on 
the beaches o f  the KSC a rea  was, t o  o u r  knowledge, so occasional  t h a t  i t  
deserved l i t t l e  a t t e n t i o n ,  
a t  the e a s t e r l y  t i p  o f  Cape Canaveral on June 13, 1975 and another  dead 
male (CLOC 8g07)  appeared on P laya l inda  Beach (KSC) on March 24, 1977. 
Other than  these, the only  m o r t a l i t y  t h a t  we documented was t h a t  i n  the 
lagoons a s soc ia t ed  with the extremely cold period of  the winter of  1977 
( s e e  bel ow) 
A l a r g e  (CLOC 112 cm) a d u l t  male was recorded 
The s i t u a t i o n  changed ab rup t ly  i n  November, 1977. The first  indica-  
t i o n  t h a t  something unusual was happening came via a phone c a l l  from t h e  
F l o r i d a  Marine Pa t ro l  on November 10,  1977, 
dead sea  turtles had washed up just south o f  Cape Canaveral, i n  the Air 
Force Eas te rn  Test Range area.  
over  the next 4 days were a b l e  t o  f i n d  two c a r c a s s e s  and further confirm 
t h a t  a t  l e a s t  three o t h e r s  had been there. 
seen more than  f ive on the beach a t  once, we decided t o  inc lude  only t h a t  
number i n  the ove ra l l  t o t a l ,  which  by this time was beginning t o  mount. 
We aga in  bene f i t ed  by the excellent coopera t ion  o f  Captain Henry Morgan 
and his F lo r ida  Marine Pa t ro l  s t a f f  ( e s p e c i a l l y  It. J. Rizzo) who 
provided us, over  the next severa l  weeks and u p  t o  the time of  this 
w r i t i n g ,  w i t h  prompt information about beached carcasses ,  Information 
was a l s o  provided by the Canaveral National Seashore rangers ,  Pan Am 
s e c u r i t y  personnel a t  CCAFS and o the r s .  
They repor ted  t h a t  e i g h t  
Me set out a t  once t o  i n v e s t i g a t e  and 
Since  no one had a c u t a l l y  
The results o f  our  i n v e s t i g a t i o n s  dur ing  the f a l l  o f  1977 through 
April, 1979 a r e  compiled i n  Appendix Tables  83-86. The d a t a  i n d i c a t e  
t h a t  a t  l e a s t  34 dead t u r t l e s  washed u p  on Volusia and Brevard County 
beaches i n  November and December, 1977. Me were aware t h a t  the Brevard 
County Animal Control Department and certain c i t y  agencies  removed and 
bur ied  o t h e r s  but the number is  u n ~ ~ o w n ~  Also,  there is no way t o  esti- 
mate how many decay thoroughly a t  sea and never s t r a n d  a s  i n t a c t  carcass -  
es o r  how many wash ashore  on i s o l a t e d  stretches of beach and go unre- 
ported.  Th i r t een  (38 percent) o f  the 34 were class-1 records;  10 (29 
57 
percent) were class-2 records and six (18 percent) were in class-3 
records. 
documented and credible. 
puted weights fo r ,  11 were immature. All were loggerheads (Caretta 
caret ta) .  About half of the records were froin s a t e l l i t e  B e a m a t r i c k  
AFB, b u t  they extend from New Sinyrna Beach to  Melbourne Beach, a distance 
of about 80 km. 
I n  other Cards, 85 percent of the records are reasonably well- 
Of the 13 t ha t  we actually measured and com- 
Dead sea t u r t l e s  continued t o  wash u p  on Brevard and Volusia County 
beaches throughout the l a t e  winter and spring o f  1978, although a t  a 
reduced rate. Entries in Appendix Table 84 for tha t  period show t h a t  we 
investigated or documented, t o  one degree or another, the s t r a n d i n g s  o f  
21 loggerhead carcasses and two green t u r t l e  carcasses from 1 January to  
June 30, 1979. This i s  an average of about one per week. 
Two of the  loggerhead records in t h i s  period were for  t u r t l e s  t h a t  
were def ini te ly  struck by boat propellers in the lagoonal system rather 
than hav ing  died in the ocean. 
in t h i s  period was a1 so froin the Banana River (lagoon) and the animal had 
been struck by a boat .  I t  should also be noted tha t  one of the green 
turtles taken in the 1978 cold spell (see below) was badly damaged by a 
propel 1 er. Several addi tional cases of propel 1 er-woundi ng have come to  
our  attention and i t  i s  f a i r  to  say tha t  t u r t l e s  injured or killed in 
t h a t  way are  becoming common in the lagoons. 
The f i r s t  case of green t u r t l e  mortality 
The other green t u r t l e  record during t h a t  period involved a large 
adult that  washed u p  near Sebastian Inlet  on June 12. I t  was badly 
decayed and bloated b u t  there was no question that  i t  was a female, 
sl ightly larger  t h a n  the average green t u r t l e  encountered nesting on the 
beach in previous years. 
when she died or was kil led.  
She was probably in the area to  begin nesting 
Strandings continued a t  a low rate  throughout the summer of 1978. 
Then, in the f a l l ,  the phenomenon erupted again into a ful l -scale  disas- 
ter.  The total  of 98 carcasses reported froin July 1 t o  December 31, 1978 
indicated a ra te  f a r  in excess of t h a t  observed in 1977. 
these were from l a t e  September and October and a l l  b u t  seven were class-1 
records. Again, we know that  some strandings go unreported and the actu- 
al number may well have been double o r  t r i p l e  that  actually verified. 
Nearly a l l  of 
Only three of t he  98 were frorn the lagoons inside the coastal strand 
All o f  these bore evidence of having (Indian River or  Mosquito Lagoon). 
been struck by boats and were, therefore,  n o t  related to  the mass mortal- 
i t y  on the ocean beaches. 
30. I t  shows clear ly  t h a t  the records are concentrated in the f a l l  of 
the year and in the area south of Port Canaveral. What Figure 30 does 
not  show well i s  t ha t  in November and December, 1977, strandings were 
concentrated a t  Patrick AFB,  the unincorporated area n o r t h  of PAFB and a t  
Sa t e l l i t e  Beach, and in that  year the reports did not start to come in 
unti 1 10 November. In  1978, however, carcasses were concentrated within 
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the c i t y  limits of Cocoa Beach and Cape Canaveral and the great majority 
of them appeared i n  the f i r s t  week of October. 
The great majority of carcasses were badly decayed and few inferences 
Nevertheless, a few field observations can be made about cause of death, 
have been made t h a t  may be of use i n  the long-run, Also, a few of the 
fresher carcasses have been autopsied providing meager bits of 
information. 
A tur t le  t h a t  washed up a t  Cocoa Beach i n  October, 1978 had a black 
nylon line carefully knotted around the left  rear flipper. Another one, 
a t  New Smyrna Beach, was reported t o  be similarly tied, although the rope 
was unknotted when we arrived t o  check it.  St i l l  another one had been 
partial ly  butchered by someone u s i n g  a knife. 
Two carcasses autopsied a t  Sea World, Inc. i n  October presented 
contrasting situations. The f i r s t  one was found dead on the beach a t  
Cocoa Beach, The muscle and viscera seemed normal and healthy upon gross 
examination and the esophagus was fi l led with white shrimp. 
examination revealed the presence of ova, probably trematodes, i n  the 
lung., l iver ,  spleen, heart, and kidney b u t  the indica t ion  was t h a t  i t  had 
died accidental ly  w h i  1 e feeding, 
Pathologic  
The other case involved a loggerhead t h a t  was s t i l l  a1 ve b u t  mori- 
bund and found t r a s h i n g  helplessly against the sea wall a t  Port 
Canaveral. I t  was s t i l l  alive the day before the autopsy. Here the 
muscle and viscera appeared grossly anemic, there was abso utely no food 
i n  the alimentary tract and the indication was t h a t  i t  had died of some 
chronic wasting disease. Pathologic examination revealed enteritis, 
granulomatous pneumonia and trematodiases, the former being the probable 
primary cause o f  death. 
The preliminary indication then, i s  t h a t  the turtles (some of w h i c h  
are diseased) are being handled by men. These mortality records are now 
numerous enough so t h a t  we can begin t o  make some inferences about popu- 
l a t i o n  structure. I t  is  clear t h a t  the populat ion is composed primarily 
of immature loggerheads (Figures 31 and 32). About 78 percent of those, 
for which measurements and computed weights were possible, are markedly 
smaller t h a n  the smallest females t h a t  nest on these beaches i n  the sum- 
mer. Many of the remaining 22 percent (>80 k g )  are doubtlessly imnature 
as well, b u t  they do f a l l  w i t h i n  the  lower end o f  the size range of nest- 
ing  females. I t  is more reasonable t o  assume t h a t  virtually none o f  them 
are mature because none of them have borne tags. 
females are tagged on the east coast of F lor ida  each summer, 
a d u l t  females were components of t h a t  population which apparently stays 
_in F lor ida  (Brevard County) waters through the winter, surely some of 
them would appear i n  a mass stranding such as occurred a t  Cocoa Beach i n  
October, 1978, Correspondingly, National Marine Fisheries Service bio- 
logists report t h a t  the turtles dredged from the naviagation channel a t  
Port Canaveral are mostly sub-adult, The mortality data  provides no 
indication t h a t  the structure o f  this population changes with seasons. 
Al though  there are not enough da ta  poin ts  for  the January l-March 31 
period, an analysis of variance procedure applied t o  the da ta  for other 
seasons revealed no significant differences, 
Thousands of nesting 




Figure 31. Weight-class d i s t r i b u t i o n  of  the populat ion o f  loggerhead tur t les  
found dead on Brevard and Volusia County beaches,  October 1, 1977 











Figure 32. S ize -c l a s s  d i s t r i b u t i o n  (carapace  l eng th  over curva ture)  o f  the 
populat ion o f  loggerhead turt les found dead on Brevard and 






















From JuTy, 1976 t h r o u g h  April, 1979, the nets were deployed 112 times 
for a t o t a l  of 6,415.25 net hours (267 days). Appendix Tables 87-90 l i s t  
deployment loca l i t i e s ,  dates, hours, and captures, 
Seventy percent of the t o t a l  deployment time was allocated t o  Mos- 
q u i t o  Lagoon, 25.5 percent t o  the Indian River, and 4.5 percent t o  the 
Banana River, Figure 33 compares tu r t l e s  caught per day among the three 
lagoons. Mosquito Lagoon yielded 119 t u r t l e s  (0.63 turtle/day).  Only 2 
loggerheads, one of which was originally caught i n  the lagoon, were 
captured i n  the 1,637 hours of Indian River netting (0.02 turtle/day).  
No t u r t l e s  were ever netted i n  the Banana River. A sustained effor t  was 
made t o  net various areas in both the rivers t o  t ry  t o  improve our cap- 
ture record, however, we were not successful. We bel ieve the dispropor- 
t ionately larger catch from Mosquito Lagoon i s ,  i n  p a r t ,  due t o  the 
larger areas of both r ivers and the entrapment effect  of Mosquito La- 
goon, 
t u r t l e s  i n  the laggon t h a t  is not present i n  e i ther  river. Once i t  be- 
came apparent t h a t  Mosquito Lagoon was by f a r  our most productive area i n  
terms of catch-per-unit-effort (CPUE), we began an intensive netting of 
t h a t  area. 
However, there does seem t o  be a concentrated population of sea 
4 
Many s i t e s  were sampled sporadically throughout the lagoon, bu t  s ix  
s i t e s  received the most intensive netting (See Figure 34)- An attempt 
was made t o  equalize sampling effor t  a t  s i t e s  1, 4 ,  and 6 because they 
are representative of the northern, central ,  and southern sections of the 
lagoon and thus could be used i n  making comparisons among the three sec- 
tions. Table 5 summarizes the hours and number of both species of 
t u r t l e s  caught per s i te .  S i te  1, near Tiger Shoals, i n  the northern sec- 
t i o n  of  the lagoon, was our most productive s i t e  yielding 44.8 percent of 
a l l  t u r t l e s  captured. The next most productive s i t e  was s i t e  6 ,  i n  the 
fa r  southern section of the lagoon, which accounted for  15.2 percent of 
a l l  the tu r t l e s  captured. To p u t  these figures i n  terms of CPUE, an 
index was made using tu r t l e s  captured per day for each net s i t e  (Figure 
35). 
of netting effor t .  However, now the second most productive s i t e  i s  s i t e  
3, an area i n  the eastern central section of the lagoon, which produced 
0.583 t u r t l e  per day. 
cent of the t o t a l  net deployment hours, yet yielded 13.3 percent of a l l  
t u r t l e s  captured, I n  the same manner, s i t e  5 ranked above 6 and s i t e  2 
a lso yielded the same CPUE as 6. The most productive s i t e s  were al l  ad- 
jacent t o  extended shallow water areas and usually placed across deeper 
water sloughs. S i t e  4,  w i t h  no significant adjacent f l a t s  and basically 
always a deep water (circa 2.4 m )  netting s i t e ,  was our  least  productive 
area. 
Again, s i t e  1 was the most productive, yielding 1,5 tu r t l e s  per day 
This i s  because the s i t e  was netted only 13.6 per- 
Figure 36 shows species caught per day by s i t e ,  Loggerheads were 
caught most frequently a t  s i t e s  1, 3, and 5,  aga in ,  areas 
re la t ively narrow sloughs. 
t i v e  as the previous three. This is puzzling because, except for  s i t e  4 ,  
the other two s i t e s  are also i n  relatively deep water sloughs (especially 
s i t e  2),  There i s  obviously some other factor ( i e e e  food abundance) 
affecting the netting resul ts  besides the topography of the lagoon. 
Si tes  2 ,  4 ,  and 6 were only half as produc- 
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Figure 34. Major n e t t i n g  s tudy 4-0' 




Summary of netting e f fo r t  by s i t e  i n  Mosquito Lagoon, 1976-1979 
S i t e  No. 
1 






Hours Netted Chel oni a Captured Caretta Captured 
No. (%) NO* (%) NO. (%) 
967.95 (22.8) 11 (47.8) 36 (43.9) 
385.95 ( 9.1) 3 (13.0) 4 ( 4.9) 
576.40 (13,6) 1 ( 4.3) 1 3  (15.8) 
978.60 ( 2 3 , l )  2 ( 8.7) 9 (11.0) 
465.50 (11-0)  1 ( 4.3) 9 (11.0) 
864.55 (20,4) 5 (21,7) 11 (13.4) 
4,238.95 23 82 
The green t u r t l e  capture resu l t s  seem more clear-cut. The most pro- 
ductive s i t e s ,  1, 2,  and 6 ,  a l l  were adjacent t o  extended grass f l a t  
areas; s i t e s  3, 4 ,  and 5 were not. 
Figure 37 i l l u s t r a t e s  an index of loggerheads and green tu r t l e s  
caught per netting day by month for the en t i re  study. 
t h a t  loggerheads can be successfully netted throughout the year (no net- 
ting was done i n  December), b u t  t h a t  the  most productive months were from 
April t o  October. 
frequently i n  the warmer months,  especially August. They were also cap- 
tured in good numbers in April b u t  no Chelonia were captured in May. 
Since the general pattern of more t u r t l e s  captured in the warmer inonths 
appears reasonable, we believe t h i s  lack of green tu r t l e s  in May is 
a t t r ibu tab le  t o  sampling error  rather than a significant change in the 
p a t  tern e 
I t  i s  apparent 
Chelonia, on the other hand, were caught much more 
Population Estimates 
Table 6 gives the multiple census population estimates and confi- 
dence intervals f o r  both species of tur t les .  
mates for  Chelonia was 135 and 253 f o r  Caretta. The mean of the three 
estimates for b o t h  species divided by the total  sample area gives a 
density of 2,25 green t u r t l  es/krn2 and 4.2 1 oggerheads/kmz. 
The mean o f  the three e s t i -  
Immi g r a t  i on and Emi g r a t  i on 
Table 7 summarizes recapture percentages for  b o t h  species. Overall 
recapture percentages ( to ta l  recaptures/total tagged animals x 100) fo r  
1977 and 1978 combined are  18.8 percent and 16.7 percent for  Caretta and 
Chelonia, respectively. 
netting captures are  used ( i  .e. to ta l  net recaptures/total net-captured 
t u r t l e s  x 100). 
recapture ra te  of 28.8 percen! for  Caretta and 65.4 percent for  Chelonia. 
However, different percentages resu l t  i f  only 
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The combined recapture ra te  does n o t  d i f f e r  greatly froin the overall 
recapture r a t e  (28.8 precent vs. 18.8 percent), nor does the difference 
in recaptures b e t e e n  years (33.3 percent i n  1977 vs. 22.0 percent i n  
1978). 
However, In Chelonia, recapture success between years does appear t o  
The netting recapture percentage does d i f f e r  substantially from differ.  
the overall percentage (65.4 percent vs. 16.7 percent). Even more 
interesting i s  the inter-year variation i n  net-captured Chelonia i n  1977, 
when 82 individuals were tagged during the cold-stunning episode, 12 of 
the 13  t u r t l e s  (92.3 percent) netted in the subsequent months were 
tagged. 
Because of the extensive e f fec t  of the January cold episode o f  1977, we 
probably captured and tagged almost a1 1 the Chelonia present in Mosquito 
Lagoon. 
The following year 's  substantial decline in recaptures indicates 
migration into the lagoon. Untagged t u r t l e s  ranged from 3.9 t o  49.2 k g s  
with no s ize  c lass  predominating. I t  seems no particular s ize  class i s  
entering the lagoon b u t  t ha t  immigration i s  random. 
However, in 1978 only 7 out of 19 (36.8 percent) were tagged. 
The high 1977 recapture r a t e  gives suppor t  t o  our contention. 
There are few data on emigration. Only two t u r t l e s  released i n  the 
lagoon have been recovered elsewhere. Both recoveries have been from the 
Indian Ri ver-Banana River lagoonal system which connects t o  Mosquito 
Lagoon. One t u r t l e ,  a loggerhead, was captured in our nets in the Indian 
River 27 km south of i t s  original release p o i n t  in the lagoon. The other 
t u r t l e ,  a Chelonia, was found dead in the Banana River 42 kin from i t s  
re1 ease point. 
Rates of emigration (and immigration) could have been be t te r  moni- 
tored i f  we netted a t  Ponce In l e t ,  the proposed entry point of lagoonal 
tu r t les .  However, the necessary time expenditure and logis t ical  d i f f i -  
cu l t ies  made t h i s  prohibitive. Therefore, we can only speculate on how 
residential  Caretta or Chelonia are. However, the maximum time interval 
between recaptures i s  15 and 20 months for  Caretta and Chelonia respec- 
t ive ly ,  and indicates some degree of  residency. 
Population Structure 
as  "juvenile = umbil ical scar inconspicuous or absent and carapace length 
up t o  40 cm; sub-adult = carapace length 40 t o  80 cm; adult reproduc- 
t ive ly  mature carapace length greater than 80 cm." 
(1977) and Ulrich (1978) agree tha t  loggerheads mature a t  abou t  75.0 cm 
b u t  Ulrich designates those below 75.0 cm as juveniles while Hillestad 
sub-divides t h a t  s ize  range into juveniles ((50 em) and sub-adults (50-75 
cm) e 
Hirth (1971) defines juvenile and sub-adult s ize  classes in Chelonia 
Hillestad e t  al. 
Morphometrics of a l l  lagoonal net captured t u r t l e s  are given i n  
Appendix Tables 91 and 92.. 
o f  wights  and s t ra ight  l i n e  lengths of a l l  lagoonal tu r t les .  Green 
t u r t l e s  ranged froin 29.5 t o  75.4 cm in size (3.0-59.1 k y ) .  Followiny the 
c r i t e r i a  out1 ined above, a l l  green t u r t l e s  are c lassi f ied as immature. 
None showed signs of sexual dimorphism and most were quite small (41 per- 
cent were l e s s  t h a n  20 kg). Loggerheads ranged from 44.0 t o  92.5 cm 
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(12.8 t o  97.7 kg).  
kg w i t h  a s t r a i g h t - l i n e  carapace  l eng th  o f  70.5 cm. 
above 80 kg i n  weight. 
cons idered  mature. Two o f  the six turtles were sexed a s  males. 
and weight d i s t r i b u t i o n s  were found t o  be s i g n i f i c a n t l y  d i f f e r e n t  ( X 2  = 
63.0; p < 0.05). This  is  a l s o  i n t u i t i v e l y  obvious when comparing the 
weight d i s t r i b u t i o n s  between the species: 87  percent  of the Chelonia 
populat ion is below 40 kg i n  weight,  while on ly  45 percent o f e e t t a  
f a l l  i n  th is  category,  Also s t r i k i n g  i s  the lack  o f  loggerheads b m  
kg  i n  weight. 
The sma l l e s t  n e s t i n g  loggerhead on KSC weighed 77.1 
Six ind iv idua l s  were 
Therefore ,  i t  is l i k e l y  t h a t  these animals can be 
Using a X2 t es t  o f  independence, the two s p e c i e s  s t r a i g h t - l i n e  length  
Growth Rate  
Tables  8 and 9 summarize growth d a t a  f o r  Ca re t t a  and Chelonia from 
Mosquito Laqoon. We have recaptured  20 logge-22 times and 15  green 
turt les 18 times. Recaptures o f  less than-3  months have been excluded 
from o u r  subsequent growth d a t a  c a l c u l a t i o n s  because not enough growth 
was apparent  i n  this s h o r t  time period. 
ture d a t a ,  ranging from 5 t o  22 months, on 10 loggerheads and 12 green 
turtles. 
Therefore ,  we have t o t a l  recap- 
The ove ra l l  mean growth f o r  Chelonia was found t o  be 3.24 cm/yr. 
C a r e t t a  had an ove ra l l  mean grow-17 cm/yr, almost twice t h a t  o f  
green turtles. 
qrowth r a t e s  between the two species i n  s t r a i g h t - l i n e  carapace lengths .  
Figure 40 g r a p h i c a l l y  i l l u s t r a t e s  the d i f f e r e n c e  i n  
The s l o p e  o f  the l ine f o r  C a r e t t a  i s  0.5, approximately double t h a t  o f  
Chelonia a t  Oe26. 
Cold Stunni  ng 
In mid-January o f  1977, one of  the most ex t r ao rd ina ry  events i n  sea 
t u r t l e  biology occurred in- the waters  surrounding the KSC. Unusually 
co ld  water  temperatures  t h a t  p e r s i s t e d  f o r  severa l  days caused 143 sea 
tur t les  t o  f l o a t  t o  the s u r f a c e  i n  a stunned condi t ion .  U n t i l  this time, 
the s tunning ,  immobil izat ion,  and eventual dea th  o f  l a r g e  numbers o f  sea 
tur t les  a s  the result o f  exposure t o  na tu ra l ly -occur r ing ,  e x t r a o r d i n a r i l y  
low water  temperatures  had been given only anecdotal  treatment i n  the 
zoo1 og ica l  1 i t e r a t u r e .  
t empera ture  o f  lagoonal waters  t o  1 1 . 5 O C  by January  13, 1977. 
es t  per iod o f  the winter occurred dur ing  the week of  January  17-23 w i t h  
water  temeperatures  f a l l i n g  t o  10°C and 7.3OC on January  18 and 19. A t  
t h a t  time, small green turt les (Chelonia m d a s )  and a few small logger- 
immobile. By 20 January,  the water temperature  had f a l l e n  t o  4°C and 
l a r g e  numbers o f  s ea  turt les were severely a f f e c t e d  (Appendix Figure 
22 ) .  A massive e f f o r t ,  marked by cons ide rab le  cooperat ion among the 
F lo r ida  Marine P a t r o l ,  the erri tt Is1 and National Wi 1 dl i fe Refuge s t a f f ,  
commercial fishermen, and our  own s t a f f  r e s u l t e d ,  over the next 4 days ,  
i n  the a r r i v a l  a t  o u r  l a b  o f  143  stunned sea  turtles. All except nine 
were from Mosquito Lagoon; s i x  o t h e r s  were from the northern extreme of 
the Indian River and three were frorn the Banana River. 
(70 pe rcen t )  were green turtles. 
Prolonged per iods  o f  low a i r  temperatures  and high winds lowered the 
The cold- 
heads ( C a r e t t a  c a r e t t a )  began t o  appear  a t  + t e s u r f a c e ,  stunned and 
Surp r i s ing ly ,  100 
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Figure 40. Straight 1 ine carapace length increases between captures for 
lagoonal loggerhead and green turtles. 
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been captured in our nets. 
loggerheads. The single additional t u r t l e  was an Atlantic ridley 
(Lepidochelys kempi). T h i s  specimen constituted our second record of 
t h i s  highly endangered species i n  these waters. 
single adult female loggerhead, a l l  of the t u r t l e s  were immature. 
phol ogical character is t ics  of t he  cold stunned 1 oggerhead, green, and 
r idley t u r t l e s  are  l i s t ed  i n  Appendix Tables 93 and 94. 
All b u t  one of the others (29.4 percent) were 
With the exception of a 
Mor- 
Ten of the turtles were dead when discovered, nine others d i ed  wi th -  
in a few days. By January 23 a consideration of water temperature trends 
made i t  c lear  tha t  the turtles could not be released in the lagoons again 
f o r  some time. Accordingly, 99 of them (those larger t h a n  about 10 kg)  
were transported t o  a large swimming pool on the Kennedy Spaces Center on 
January 25. The pool i s  fed by artesian wells t h a t  flow a t  24OC. Pool 
temperatures varied from 12.5 t o  21e7"C during the tra week period i n  
which the t u r t l e s  were kept there. 
t u r t l e  d i e d ,  b r i n g i n g  the total  t o  20. 
During that  time one additional 
On February 8, the larger t u r t l e s  were recaptured and returned t o  
their native waters. Water temperature a t  the time of the release was 
13.3OC. 
15°C and the smaller green t u r t l e s  remaining a t  our l a b  bme released. 
Every turtl e was weighed, measured, photographed and tagged before 
re1 ease. 
On February 13, the temperature of shallow, near-shore water was 
By mid-March we were aware o f  f ive  sea t u r t l e  carcasses t h a t  had un- 
doubtedly been ki l led d u r i n g  the cold water episode. 
tagged. The total  known mortal i t y ,  therefore, was 25 (19 green t u r t l e s ,  
6 1 oggerheads) 
None of t h e m  were 
A t  l eas t  43 percent of the green t u r t l e s  had some 'lagoon bottom mud 
on the carapace. 
en t i r e  upper she l le  
the theory t h a t  some green t u r t l e s  overwinter on the bottom i n  a s t a t e  of 
dormancy. 
Many had a d i s t inc t ,  uniform layer of mud over the 
T h i s  may be viewed as circumstantial support for  
There was an element of r isk involved i n  moving the t u r t l e s  to  a 
fresh water environment and i n  keeping a large number of them i n  a rela- 
t ive ly  small enclosure. Anytime marine animals are crowded together ab- 
normally the threat  of fungal and other infections i s  h i g h .  Many marine 
organisms are not able t o  to le ra te  fresh water very long and these 
t u r t l e s  came from lagoons where the sa l in i ty  approaches or exceeds t h a t  
of sea water. Furthermore, the  behavioral e f fec ts  of t h i s  confinement 
were hard t o  predict. Loggerheads are known t o  be inore aggressive than 
greens and may not have tolerated th i s  sort of density w i t h o u t  consider- 
able, harmful agonistic behavioro 
{However, due t o  our inabi l i ty  t o  release the t u r t l e s  back i n  lagoonal 
waters because of continuing low temperatures or to keep thein i n  our l a b ,  
we decided tha t  moving them t o  the KARS artesian pool t o  be the only 
avenue open t o  us, 
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I n  order t o  get some idea of the effects  of the tu r t l e s '  confinement 
i n  our lab and i n  the pool we weighed t h a n  just before release (they had 
also been weighed e a r l i e r ,  upon arr ival) .  As the information i n  Appendix 
Table 95 indicates, 24 of  27 loggerheads lost  \ e i g h t .  I t  i s  d i f f i c u l t  t o  
weigh a vigorous, flapping turtle precisely and our measurements can only 
be considered accurate t o  + 1 kg. 
loggerheads lo s t  a s  much a s  10 percent (more i n  one questionable case) of 
t h e i r  body w e i g h t  du r ing  the  captive period. Green t u r t l e s ,  on the other 
hand, fared much be t te r  (Appendix Table 96). Less than half (34 of 78 
t h a t  were wighed) lost  any w e i g h t  a t  a l l  and i n  most cases the observed 
loss was l e s s  t h a n  our error  of rneasureinent. Quite clearly,  the green 
turtlks were not nearly so subject t o  w e i g h t  loss  as the loggerheads 
were. We believe tha t  this  difference is largely a resu l t  of marked 
behavioral and physiological differences between Caretta and Chelonia. 
Loggerheads a re  known to be more tolerant  of low temperatures than green 
t u r t l e s  (Schwartz, 1978) and observations a t  the swimming pool indicate 
tha t  the loggerheads were much more active than green tur t les .  
When water temperatures rose to  an acceptable minimum (circa  15.0°C), 
we released the t u r t l e s  near t he i r  po in t s  of capture. 
t h a t  p o i n t ,  of course, centered around the possibi l i ty  of  harmful e f fec ts  
of returning the animals t o  s a l t  water, and e began immediately t o  look 
for evidence of the ultimate success or f a i lu re  of the en t i re  rescue 
operation. I n  the succeeding months no carcasses of tagged tu r t l e s  were 
ever reported, and ,  over the years, we have recaptured a nurnber of  
t u r t l e s  tha t  were held i n  fresh water and a l l  had gained weight and 
appeared i n  good health. 
Nevertheless, the trend i s  c lear ;  the 
Our concern a t  
In January of 1978, unusually cold weather once again resulted in 
brief periods of extrernely low water temperatures. 
previous winter allowed us t o  predict possible immobilizing effects  of 
the harsh conditions a g a i n  this year. Accordingly, we began t o  patrol 
Mosquito Lagoon and the Indian  River by boat  on the coldest winter morn- 
i n g s ,  searching for  stunned tur t les .  On January 15, 1978, when water 
temperatures dropped t o  10.O°C, the f i rs t  stunned t u r t l e ,  a green t u r t l e ,  
was found- 
not  been seen since i t s  release i n  February of tha t  year. Reconnaissance 
of the lagoon continued and the next day, January 16, water temperatures 
dropped even further,  t o  8.OoC and two more green t u r t l e s  were found 
stunned. Both were untagged. One weighed 3.9 kg., one of  the smallest .) 
sea t u r t l e s  ever found i n  the lagoon. 
The experience of the 
This t u r t l e  had been tagged dur ing  the 1977 episode b u t  had 
Open water patrols continued for another day b u t  water temperatures 
During the next week rose above ll.O°C and no other t u r t l e s  were seen. 
water temperatures rose t o  20°C. 
A t  the end of January a few more days of very cold Leather occurred. 
Again, on January 30, open water patrols produced a stunned green turtle,  
bihen the water temperature was 8 O C .  That t u r t l e  had also been rescued 
and tagged d u r i n g  the previous winter's cold spell b u t  was not  seen i n  
the interim. The following day, w i t h  water temperatures s t i l l  a t  8"C, 
another untagged green t u r t l e  and a loggerhead, the only one of tha t  
species found stunned i n  1978, were brought  i n .  
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The t u r t l e s  were kept a t  the laboratory until water temperatures rose 
t o  an acceptable level. The Florida Marine Patrol and local fishermen 
were both made aware of the possibil i ty of stunned tu r t l e s  b u t  no animals 
other than the f ive  we encountered were reported. 
Appendix Table 97 displays the morphometric data gathered froin the 
t u r t l e s  stunned in 1978. 
t u r t l e s  captured i n  the 1978 episode were - n o t  tagged. 
green t u r t l e s  captured i n  netting operations in 1977 were, contrastedly, 
tagged individuals f i r s t  encountered during the 1977 cold spell. 
I t  i s  c lear  tha t  the 1978 cold-stunning episode was much l e s s  exten- 
s ive t h a n  t h a t  o f  1977. T h i s  was undoubtedly due, in part, to  the fact  
t h a t  water temperature was not as low (8.0"C vse 4.0"C) and, perhaps more 
importantly, t h a t  very cold conditions did not  occur over an extended 
period o f  time (2-3 days vs. 6 days). 
I t  i s  noteworthy t h a t  three o f  the f ive  green 
Ten of the 11 
En January and early February of 1979, water temperatures dropped t o  
10.O°C several times b u t  remained a t  t h i s  temperature only for short 
periods o f  time (i .e.  overnight and early morning hours). 
again patrolled extensively several tiines in the ear ly  morning b'$t no 
stunned t u r t l e s  were encountered. 
The lagoon was 
D i  scussi on 
Nesting Adults 
Composition, Numbers, and Estimates 
The resu l t s  o f  t h i s  study, taken together w i t h  those o f  Carr and Carr 
( i n -  press) es tabl ish the beaches of the-Kennedy Space Center and the Cape 
Canaveral Air Force Station as a primary rookery in what i s  apparently 
the most important remaining reservoir for the loggerhead t u r t l e ,  Caretta 
care t ta ,  in the wrld. T h a t  reservoir consists o f  the nesting beaches o f  
the southeastern U. S., especially Florida. Even in Florida, however, 
nesting does n o t  occur on a l l  Atlantic or Gulf beaches and relat ively 
concentrated loggerhead nesting i s  res t r ic ted t o  parts of only seven 
counties: Brevard, Indian River, S t .  Lucie, Martin, Palm Beach, Pionroe, 
and Volusia. Although the  overall density o f  nesting may be s l ight ly  
higher on shorter stretches of  beach on Hutchinson Island (Worth and 
Smith, 1976) ,  Jupiter Island (F. Lund,  pers. comm.) and in south Brevard 
County (Turner, pers. cornrn.) no other nesting beach in Florida i s  so 
extensive and ,  a t  once, so well protected by governmental ownership. The 
58 km s t re tch  froin the northern boundary of the space center t o  Por t  
Canaveral includes the section of beach (Complex 37 t o  Port Canaveral) in 
which Carr and Carr ( i n  press) observed the highest density of t u r t l e  
nests per mile ( a s  they expressed i t )  of any in the state.  
and t w o  others a t  KSC-CCAFS were among the top 10 nesting beaches in 
Florida. The density of nesting a t  CCAFS i s  interesting i n  that  the sec- 
t ion  includes the beach southwest of Cape Canaveral along the Canaveral 
Bight, where, according to  some cursory aerial  reconnai sance of ours, 
there  i s  l i t t l e  nesting. This means t h a t  the density north of the Cape 
i s  even greater t h a n  reported. One possible explanation for this in- 
volves the Cape i t s e l f .  Like al l  capes on the Atlantic coast, i t  has 
Tha t  section 
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r 
extensive shallow shoals extending southeasterly from i ts  t i p .  These 
shoals may serve as a func t iona l  d r i f t  fence, shunting turtles t o  the 
beach just north o f  the Cape. 
several capes i n  the southeastern U. S., especially Cape Romain, S. C. 
(Caldwell, 1959). 
be augmented as  turtles t h a t  might otherwise nest i n  the Cocoa Beach 
area, shy away from t h a t  heavily developed, b r i g h t l y  lighted section. 
There may be other reasons why nesting seems concentrated north of 
the Cape but the important  point is t h a t  turtles nest in reasonably large 
numbers in every km of KSC beach. 
h a b i t a t  quali ty.  A t  least i n  some years loggerheads nest a t  KSC a t  the 
rate o f  34 t o  78 per km and deposit 220,000 t o  510,000 eggs. I t  can be 
argued, therefore, t h a t  from the p o i n t  of view of nesting density, extent 
o f  nesting h a b i t a t ,  and potential fo r  long-term conservation and manage- 
ment, no section of beach more important t o  the survival of western 
A t  1 antic 1 oggerheads exists anywhere. 
Turtle nesting shows some concentration a t  
Nesting density just north of Cape Canaveral may also 
No section seems t o  be lacking i n  
On July 26, 1978, loggerhead turtles and the Florida populat ion o f  
green turtles,  Chelonia mydas, were declared threatened and endangered, 
respectively, by the federal government. The fac t  t h a t  the latter 
species is now known t o  nest in some numbers a t  KSC-CCAFS adds much more 
t o  the significance of the protected beaches here. I t  is true t h a t  our 
records of green turtles nesting are the northernmost i n  the western 
hemisphere and t h a t  the green turtles nesting a t  KSC are a t  the periphery 
of the nesting range, b u t  i t  i s  also true t h a t  the 14  seen here i n  1978 
represent 8 t o  15 percent of the estimated 200-300 adult females t h a t  
remain. Only two years ago i t  was believed t h a t  no more t h a n  50 a d u l t  
females remained in the Flor ida  population (Witham, pers. corn,). The 
good nesting season of 1978, partially documented by our results a t  KSC, 
caused the increase i n  the estimate and raised hopes t h a t  green turtle 
stocks are increasing, perhaps as  the result of programs of Flor ida DNR 
and others. Only more time will te l l  if the trend is real. If  the popu- 
l a t i o n  is  saved from extirpation, the beaches o f  KSC-CCAFS will play an 
important role i n  t h a t  salvation. The U e  S ,  Dept. of the Interior is 
currently considering a proposal t o  designate certain Flor ida beaches, 
inc lud ing  those a t  KSC-CCAFS, as Critical Habi ta t  for Chelonia mydas. 
Further south i n  Flor ida there are stretches of beach where l i t t l e  o r  
no nesting occurs adjacent t o  stretches of relatively h i g h  nesting den- 
sity.. 
datum later, when possible affects of STS and other center programs are 
assessed. Although the writer i s  no t  famil iar  w i t h  the levels of i l l umi -  
n a t i o n  t h a t  may accompany shuttle launch preparations and the actual 
e d i d  have the experience of observing bo th  loggerheads and 
green turtles nesting i n  the vicinity of LC 39 on nights just prior t o  
some of the later Apollo program launches. 
the increased i l luminat ion for STS i s  grossly i n  error, we believe i t  is 
doubtful t h a t  there will be any effect on sea turtle nesting. Never- 
theless, should the nesting density on one or more kilometers of beach 
adjacent t o  LC 39 f a l l  o f f  markedly during the period of STS launch ac- 
t ivity,  i t  should be regarded as a deviation from normal and solutions 
should be looked for. We are of the opin ion  t h a t  the complex is t o o  f a r  
T h a t  this does not seem t o  be the  case a t  KSC can be a useful 
Unless our  understanding of 
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removed froin the beach, the dunes t o o  h i g h ,  and the illumination too  low 
t o  a f f e c t  nes t ing  adu l t s .  McFarlane (1963) and o t h e r s  have repor ted  the 
d i s o r i e n t a t i o n  of  hatch1 ings  by seaward-facing l i g h t s  i n  south Flor ida.  
V i r t u a l l y  a l l  loggerhead nests, however, a r e  loca t ed  a t  the base of  the 
dune and, a s  noted above, the dunes a r e  r e l a t i v e l y  high i n  t h i s  area.  
Also, the launch complex i s  set back from the beach cons iderably  f a r t h e r  
than a r e  beach-front  h o t e l s  and condominiums. These f a c t o r s  inake i t  
doubtful  t h a t  ha t ch l ing  d i s o r i e n t a t i o n  will  occur  a t  KSC, but  i t  i s  a 
po ten t i a l  probl eiri t h a t  should not be ignored. I n s t r u c t i v e  information 
regard ing  this p o t e n t i a l  problen could be gathered by r e l e a s i n g  and 
observing the behavior  of  hatchery-incubated young turtles on the beach 
under c o n d i t i o n s  o f  i l l umina t ion  t h a t  will preva i l  when the STS i s  
ope ra t iona l  e ,- 
Morphological C h a r a c t e r i s t i c s  o f  the Nest ing Popula t ion  
Ehrhar t  (1976) repor ted  extreme uniformity i n  weights and measure- 
ments of  loggerheads a t  KSC i n  1973, 1974, and 1975. He a l s o  repor ted  a 
range o f  81-110 em CLSL f o r  the 3-year period. 
range was extended i n  a l l  3 y e a r s  of  the  present s tudy  b u t  the upper 
extreme (110 cm) remains a s  the maximum. The ove ra l l  range f o r  the 
1976-1978 per iod f o r  CLSL was 74.0-107.5 cm. 
sma l l e r  by 3.5 cm than any repor ted  by Caldwell (1959) in South Carol i n a ;  
Caldwell ,  Carr ,  and Ogren (1957) i n  Georgia; or Gal lagher  e t  a l e  (1972) 
i n  F lor ida .  No ex tens ions  o f  the range i n  CLOC 
(83-124 cm) above o r  below t h o s e  observed by Ehrhar t  (1976) were made 
during 1976-1978. 
The lower extreme of t ha t  
The 74.0 cm individual  was 
I t  weighed only 70.2 kg. 
The h e a v i e s t  loggerhead yet encountered a t  KSC weighed 186.8 kg. 
S ince  no o t h e r  sea t u r t l e  r e sea rch  groups r o u t i n e l y  weigh  turtles and 
on ly  about four  a d u l t  weights a r e  repor ted  i n  the  l i t e r a t u r e  (Caldwell ,  
1959) the range observed here (70.2 - 187.8 kg) can be regarded a s  t h e  
d e f i n i t i v e  w e i g h t  range o f  a d u l t  females. 
There a r e  a l s o  v i r t u a l l y  no r e p o r t s  of  loggerhead p l a s t ron  l eng ths  i n  
the l i t e r a t u r e  o t h e r  t han  t h o s e  g iven  i n  Ehrhar t  (1976). 
r epor t ed  there (61.0 - 84.9 cm) was expanded sornebrhat during the p resen t  
s tudy  t o  59.5 - 90.0 cm. 
range f o r  a d u l t  female 1 oggerheads. 
The range 
This ,  t o o  can be regarded a s  t h e  d e f i n i t i v e  
Other morphometric c h a r a c t e r s  c l o s e l y  approximate t h o s e  repor ted  
e a r l i e r  ( i b i d ) ,  but  tend t o  average s i g n i f i c a n t l y  smal le r  i n  1978. The 
tendency f o r  mean weights and carapace  l e n g t h s  t o  remain unchanged pre- 
v a i l e d  froin 1973 t o  1977. The small but s i g n i f i c a n t  decrease  i n  these 
measurements and t h e  shift  i n  t he i r  ove ra l l  d i s t r i b u t i o n  was an unex- 
pected result. 
con t inue  t o  grow a f t e r  matur ing (Car r  and Goodman, 1970) ,  i t  seems l i k e l y  
t h a t  a 75 kg animal i s  younger than one weighing 175 kg. 
s h i p  between age and w e i g h t  i s  probably not  1 i n e a r  b u t  i t  i s  doubtful  
t h a t  none exists, 
extremely slow i n c r e a s e  i n  l e n g t h  among nul t i -annual  recover ies .  I t  can 
be argued, t h e r e f o r e ,  t h a t  the downward shift i n  the means and the over- 
a l l  d i s t r i b u t i o n s  o f  w e i g h t s  and morphometric characters i s  a r e f l e c t i o n  
o f  a younger populat ion;  a populat ion in to  which there has been more 
Although there is disagreement a s  t o  whether sea turt les 
The r e l a t i o n -  
Our  own r e s u l t s  (Appendix Table 24) po in t  t o  an 
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recruitment of newly matured individuals in 1978. If i t  continues, that  
trend implies an improvement i n  the  reproductive potential of the popula- 
t i o n ,  as the proportion of young adults increases. I t  may re f lec t  the 
success of sea t u r t l e  conservation programs, including law enforcement. 
T h i s  s h i f t  in weights and lengths, however, means tha t  these morphologi- 
cal characters must be deal t  w i t h  more carefully as base-line data. No 
longer can one g l ib ly  say tha t  loggerhead morphometrics are  vir tual ly  
unvarying from year-to-year and, therefore, form a s t a t i c  base- l ine.  
Those who would use these data for  comparisons l a t e r  will have to  look 
for s ignif icant  s h i f t s  i n  the  dis t r ibut ions toward larger and heavier 
(older) animals. 
or i n  the short-term. 
I t  i s  not the sor t  of thing that  can be done quickly, 
The regression analyses of the length-width and length-weiyht re1 a- 
tionships presented here for  loggerheads are o f  greater use than those 
given by Ehrhart  and Yoder (1978) because they are  in simpler form and 
are based on many more d a t a  points. Most other investigators lack the 
means t o  weigh t u r t l e s  and i t  i s  l ikely t h a t  this condition will pers is t ,  
even a t  KSC. The l inear  measurements are easi ly  taken with simple 
devices, however, and when used in the equations given in Appendix 
Figures 3,  4, 5, 6 ,  and 7 can provide a good approximation to the weight 
structure o f  the population. 
characterization of populations o f  dead t u r t l e s ,  such as those tha t  
periodcal ly  appear on Brevard and Vol us i a  County beaches. Most carcasses 
are so badly decayed tha t  actual wights  would be meaningless, b u t  shell 
dimensions remain intact  and can provide the means to  reasonably accurate 
computation of weightso 
These equations are also useful in the 
Ehrhart (1976) reported the foll  owi n y  ranges for yreen tur t l  e morpho- 
rnetrics: Weight - 108 t o  138 kg ;  CLSL - 94 t o  99 cm; CWSL - 70 t o  78 cm; 
CLQC - 98 t o  111 cm; CWQC - 89 t o  101 cm; PL - 79 t o  85 cin; HW - 12.6 t o  
14.2 cm. Those data were taken frorn j u s t  f ive animals and constituted 
only the s t a r t  o f  our understanding of Chelonia s ize  and weight  a t  KSC. 
Two of the 1977 green t u r t l e s  provided new size and weight records 
for  the species a t  KSC. The 27 June specimen weighed 147.4 kg;  9.5 k g  
heavier t h a n  any previous KSC green tu r t l e .  The same animal also 
exceeded our previous maximum s t ra ight- l ine carapace length record by 
s l igh t ly  more t h a n  one centimeter. I t  d i d  not  exceed previous maxima for 
other morphornetrics, however, showing that  there i s  not a1 ways correspon- 
dence among the various measurernents- This fac t  i s  interesting too ,  in 
the case of the 18 August specimen, which measured 116 cm over the curve 
of the carapacea This exceeded, by 5 cm, the previously recorded maximum 
for  t h i s  datum a t  KSC. The  same t u r t l e ,  however, exhibited a straiyht- 
l i n e  length of 97.5 cm, which i s  approximately in the middle of the range 
f o r  t h a t  measurement. Unfortunately, we were not able to weigh the 
tur t le .  Notes indicate, however, tha t  i t  was a particularly deep-bodied 
yreen t u r t l e  w i t h  a shell vaulted l ike  that of a loggerhead ( i n  the dark- 
ness, i t  was mistakenly identified a s  a loggerhead for some time). Using 
a regression equation devel oped froin the length- weiyht re1 ationships of 
other green t u r t l e s ,  we computed the weight of t h i s  t u r t l e  t o  be 166.5 
kg,  making i t  the heaviest Chelonia yet seen a t  KSC. 
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The 1978 d a t a  a l s o  provided s i z e  and weight range expansions f o r  
green turtles a t  KSC. Some conf i rmat ion  of  the computed weight  of the 
l a r g e  1977 green tur t le  came from one encountered on 23 June 1978 which  
weighed 164.1 kg. Then on July 21, o f  t h a t  y e a r  the l a r g e s t  green tu r t le  
yet seen a t  KSC emerged t o  nest. She weighed 176,8 kg and exh ib i t ed  t h e  
fo l lowing  morphometrics: CLSL - 109 , l  cm; CWSL - 84.3 cm; CLOC - 116.1 
cm; CWOC - 107.2 cm; PL - 90-0 cm; HM - 15.0 cm. A t  the o t h e r  end of the 
s c a l e ,  a green turtle encountered on J u l y  15, 1978 had the smallest CLSL 
(88.0 em) y e t  seen a t  KSC, Although no equiment f o r  weighing was ava i l -  
a b l e ,  i t s  computed we igh t  (99-6 kg) is a l s o  the sma l l e s t  record t h a t  we 
have f o r  t h a t  datum. 
Comparisons of  these d a t a  f o r  KSC green turtles w i t h  o t h e r s  i n  the 
l i t e r a t u r e  reveal  t h a t ,  not s u p r i s i n g l y ,  they a r e  very s i m i l a r  t o  those  
measured by Gal lagher  et a l ,  (1972) on Hutchinson I s l and ,  F lor ida .  They 
a r e  a l s o  about the same a s  those  nes t ing  a t  Tortuguero,  Costa Rica (Carr  
and Ogren, 1960) b u t  d e f i n i t e l y  sma l l e r  than t h o s e  of  the Surinam 
( P r i t c h a r d ,  1969) and Ascension I s l a n d  populat ions (Carr  and H i r t h ,  
1962). 
The usefulness o f  these morphometric da t a  as  a base- l ine  for future 
comparison is  subject t o  the same problems a s  i n  loggerheads,  Although 
l i m i t a t i o n s  o f  the d a t a  preclude any assessment of  changes i n  the mor- 
phological  structure of  the popula t ion  a t  this time, i t  may be t h a t  the 
F l o r i d a  populat ion is beginning t o  respond t o  convervat ion and management 
programs. I f  so, a downward shift  i n  the d i s t r i b u t i o n s  o f  size and 
weight is  t o  be expected. 
The reg res s ion  ana lyses  of  length  and width and of length  and weight 
a r e  the f i r s t  such ana lyses  t o  be performed on F lo r ida  green tur t le  data .  
The results provide the same benefits f o r  green tu r t le  r e sea rche r s  a s  
t h o s e  mentioned f o r  loggerheads,  abovee 
Long-Distance Recoveries 
Lonq-distance r ecove r i e s  of  turt les t a w e d  el sewhere i n  F lo r ida  b.y 
o t h e r  i nvesti g a t o r s  have general  l y  not been-compi 1 ed and pub1 i shed. 
F. Lund ,  who has been tagging  t u r t l e s  near Jupiter,  F lo r ida  f o r  over 12 
y e a r s  r e p o r t s  (pers .  comm,) t h a t  the ma jo r i ty  o f  his r ecove r i e s  a r e  from 
the Bahamas and another  s i g n i f i c a n t  propor t ion  are from Cuba. 
results do,  however, suppor t  the hypothes is  t h a t  many a d u l t  loggerheads 
t h a t  nest on F l o r i d a  beaches spend some of the time bet een multi-annual 
returns among the Bahama Is lands ,  
- 
Our meager 
) r epor t ed  a loggerhead t h a t  was tagged on Sanibel I s l a n d  
i n  1968 be ing  observed nes t ing  i n  Brevard County, on the A t l a n t i c  c o a s t ,  
4 y e a r s  l a t e r .  No published records  of turtles t h a t  have nested first on 
the A t l a n t i c  c o a s t  and then on the G u l f  e x i s t ,  b u t  Lund has had recov- 
eries from shrimp t r a w l e r s  o f f  Mississippi, Although our no. H2125 moved 
e a s t  t o  west, i t  i s  not l ikely t h a t  she would have nested i n  the Sanibel  
a r e a  1 y e a r  a f t e r  nes t ing  a t  KSC. The turtle was dead when found. 
Summarv and Conclusion 
1 
1. 
c a r e t t a ,  made u p  97.9 percent  t o  99 , l  percent  of the assembyage o f  sea  
In the y e a r s  from 1976 t o  1978, Atlantic loggerhead turtles, Care t t a  
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turtles nesting a t  KSC. A t l a n t i c  green turtles, Chelonia mydas, made up 
t h e  remaining 0.9 percent t o  2.1 percent. By themselves ,  these percent- 
ages a r e  useful only q u a l i t a t i v e l y  as  monitor ing devices. 
2. 
beach a t  KSC range  from 36 t o  78 per km/year and no section is 
s i g n i f i c a n t l y  l ack ing  i n  nes t ing  dens i ty .  Monitoring the 10 km stretch 
of beach from the north s e c u r i t y  ba r r i cade  t o  the KSC-CCAFS boundary 
woul d s u f f i c e  i n determi n i  ng nesti ng d e n s i t y  o f  1 oggerheads, both 
l o g i s t i c a l l y  and b i o l o g i c a l l y .  A better monitoring model would compare 
nesting d e n s i t y  i n  this 10 km s e c t i o n  o f  beach w i t h  t h a t  occur r ing  on a 
r e l a t i v e l y  undis turbed 10 km of beach somewhat remote from LC 39, se rv ing  
a s  a c o n t r o l .  
3. The same two 10 km s t r e t c h e s  of beach could be used t o  monitor the 
e f f e c t s  of i l l u m i n a t i o n  a t  LC 39 on ha tch l ing  o r i e n t a t i o n  by the 
simultaneous r e l e a s e  and systemat i c  observa t ion  of the behavior of young 
turtles i n  the experimental  and con t ro l  beach areas .  . 
Estimates  of  the number of  loggerheads n e s t i n g  i n  a 34 km stretch of 
Four n i g h t s  of d a t a  ga the r ing  per week should be planned. 
4. The ove ra l l  d i s t r i b u t i o n s  of weight and size of a d u l t  loggerheads i n  
1978 shifted downward. I f  this trend con t inues ,  i t  will imply an 
improvement i n  the rep roduc t ive  p o t e n t i a l  of the populat ion,  as the 
propor t ion  of young a d u l t s  i nc reases .  T h i s  sh i f t  i n  weights and l eng ths  
means t h a t  t h e s e  c h a r a c t e r s  must be d e a l t  w i t h  more c a r e f u l l y  as b a s e l i n e  
da t a .  These c h a r a c t e r i s t i c s  a r e  useful f o r  purposes of 1 ong-term 
monitor ing,  and any s i g n i f i c a n t  shifts toward l a r g e r  and heavier  ( o l d e r )  
animals should be viewed a s  l ead ing  e v e n t u a l l y  t o  e x t i r p a t i o n .  
5. The small number of long-d is tance  r ecove r i e s  suppor ts  the hypothesis  
t h a t  a d u l t  loggerheads t h a t  nest on F lo r ida  beaches spend some of t h e  
time between multi-annual returns among the Bahama I s l a n d s ,  
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Reproductive Characteristics of Caretta and Chelonia a t  KSC 
Multi-annual Periodicity and Site Fixity 
Carr and Carr (1970) have shown t h a t  individual green turtles, 
Chelonia rnydas, tend t o  maintain a constant multi-annual cycle. Others 
have noted t h a t  green turtles return t o  nest 2 or 3 years after h a v i n g  
laid one o r  more times i n  a given year (Hendrickson, 1958; Carr and 
Ogren, 1960). Caldwell (1962) and others have reported 2 and 3 year re- 
emergences i n loggerheads and the concept of regul a r ,  cycl ic behavior of 
a d u l t  females has been extended t o  include t h a t  species. Hughes (1976), 
however, has recently reported the results of 1 2  years of research on 
Tonga1 and loggerheads and concluded tha t  there is no regular reproductive 
cycle. He noted t h a t  the most commonly seen interval was 2 years b u t  
t h a t  few turtles continued t o  exhibit t h a t  interval cyclically. Our work 
a t  KSC has not endured as long as Hughes' in southeast Africa, b u t  the 
thorough mixture o f  year-class proportions, especially among the multi- 
annual recaptures of 1978 (Appendix Table 28), suggests t h a t  Florida log- 
gerheads are similar. Hughes (1976) pointed out t h a t  a loggerhead can 
nest in as many as four seasons out  of nine b u t  t h a t  the interesting 
interval can change from 2 t o  3 years a t  any time. We now have records 
of turtles a t  KSC t h a t  have returned a t  2 years and then again after 3 
years. A t  least one returned after 4 years ( i t  may have been missed i n  
the interim) and then after 1 year (a l though t h a t  is  very unusual).  I t  
i s  difficult t o  be sure t h a t  a turt le encountered 4 or even 5 years sub- 
sequent t o  t a g g i n g  was not missed i n  the interim. The small percentages 
of t a g  returns from recent year classes suggests, however, t h a t  some 
turtles may wait 4 o r  even 5 years t o  return. 
This considerable irregularity i n  multi-annual return intervals has 
consequences for  the use of this factor as part of a baseline. 
future researcher cannot glibly assume t h a t  some specific proportion of 
marked animals will return a t  2- o r  3-year intervals or  something i s  
wrong. Environmental conditions far from the KSC nesting grounds may 
produce physiological conditions t h a t  dictate changes i n  interval length. 
The problem o f  t a g  loss is  a very real one i n  the marine environment. 
Hopefully the introduction of tags composed o f  inconel or some other 
al loy of h i g h  corrosion resistance will solve this problem and, conse- 
quently, provide more information relative t o  mu1 t i-annual intervals. 
Al though  other authors (e.g., Worth and Smith, 1976) have examined 
within-season re-emergence distance intervals, none have apparently 
addressed the matter of long-term (multi-annual) site-fixity. The 
remarkable similarity of means between 2-year and 5-year recoveries seen 
i n  this study and the close correspondence of 3- and 4-year ones lend 
considerable credence t o  the contention stated i n  Ehrhart (1976) t h a t ,  
like green turtles (Carr and Carr, 1972) loggerheads are remarkably site- 
tenacious. 
The 
The observation of marked s i te  f i x i t y  i n  KSC loggerheads (the overall 
mean distance between recoveries i s  only 5.47 km) does not have major 
consequences for  future workers, a1 though i t  does support the contention, 
made above, t h a t  any significant drop-off i n  nesting on stretches of 
beach adjacent t o  STS operations should be viewed w i t h  concern. 
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Season Length 
The loggerhead nes t ing  season a t  KSC begins about a week l a t e r  t han  
a t  the nes t ing  beaches further south. Routa (1967) repor ted  t h a t  logger- 
heads nest i n  Hutchinson Is land  from the first  week i n  May t o  the l a s t  
week i n  August. Gal lagher  et a l .  (1972) extended the season t o  10 Sept- 
ember and r epor t ed  the start of n e s t i n g  a s  7 May. A t  Cape Sable  i n  south 
F l o r i d a ,  Davis and Whiting (1977) observed an 89 day season, from 10  May 
t o  7 August. 
Ehrhart  (1976) had no records  of nests o r  even t r a c k s  on the KSC 
beach i n  April 1973, 1974, o r  1975 and the s i n g l e  t r a c k s  repor ted  i n  l a t e  
Apr i l ,  1978 should not be regarded as  a t y p i c a l  s t a r t i n g  date. Some 
sporad ic  n e s t i n g  o f t e n  begins du r ing  the first  week o f  May but i t  is not  
u n t i l  the second week t h a t  s u b s t a n t i v e  nesting occurs.  We have never had 
a record  o f  September n e s t i n g  a t  KSC. Records f o r  28 and 29 August sug- 
gest, however, t h a t  September emergences may occas iona l ly  occur. 
The F lo r ida  green tu r t le  nes t ing  season is not well def ined  i n  the 
1 iterature. 
Now we know t h a t  they nest from a t  l e a s t  23 June t o  28 August, a nesting 
season ex tens ion  of more than a month. Future sea  turt le re sea rche r s  a t  
KSC will need t o  plan accordingly.  
Ehrhar t  (1976) r epor t ed  no Chelonia nesting o u t s i d e  of Ju ly .  
Re-emergence I n t e r v a l s  
within-season re-emergence intervals was not expected. Caldwell (1962) 
noted 1 2  t o  1 5  day i n t e r v a l s  i n  Georgia;  Worth and Smith (1976) observed 
t h a t  65.5 percent r e tu rned  a t  14  + 3 days; and Davis and Whiting (1977) 
spoke o f  a 12  day cycle. 
Kaufmann (1975a) on the coas t  of Columbia, r epor t ed  15 day i n t e r v a l s  as 
the mean. 
was a s i g n i f i c a n t  sh i f t  t o  longer  re-emergence i n t e r v a l s  (17-18 days) .  
The cause  o f  the sh i f t  is  obscure,  but  the f a c t  t h a t  i t  can occur  i s  
important.  The future worker w i l l  need t o  be aware t h a t  there is year-  
to -year  v a r i a b i l i t y  i n  th is  t r a i t  and t h a t  the mani fes ta t ion  of  i t  does 
not  n e c e s s a r i l y  imply t h a t  there is something abnormal o r  unnatural  about 
i t .  
The s i g n i f i c a n t  upward sh i f t  i n  the d i s t r i b u t i o n  of  loggerhead 
Both Huyhes (1970) working i n  Natal ,  and 
Our results ag ree  w i t h  t h o s e  cited, except i n  1976, when there 
C l u t c h ,  S i r e  
Mean clutch s i z e  a t  KSC is very s i m i l a r  t o  t h a t  repor ted  elsewhere i n  
F l o r i d a  (LeBuff and Beaty, 1971) and i n  Columbia (Kaufman, 1975a). I t  is 
somewhat sma l l e r  t han  the mean o f  118 i n  Natal (Hughes, 1970) and the 126 
repor ted  f o r  Georgia by Caldwell (1962). 
The uni formi ty  of  annual means i n  clutch s i z e  seen i n  1976 through 
1978 and their s i m i l a r i t y  t o  those  repor ted  by Ehrhart  (1976) f o r  the 3 
previous y e a r s  t e s t i f y  t o  the use fu lness  of  this parameter a s  a b a s e l i n e  
component. The cons iderable  within-season v a r i a t i o n  probably has a ple- 
t h o r a  o f  b io log ica l  bases. I t  can be argued t h a t  a monitoring model 
should employ f a c t o r s  t h a t  vary l i t t l e  and o t h e r s  t h a t  vary broadly,  so 
long as the long-term (annual)  means have been shown t o  be uniform. The 
l a t t e r  type may we1 1 be more respons ive  t o  environmental pe r tu rba t ions  
and less r i g i d l y  entrained gene t i ca l ly .  
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Caldwell (1962) concluded, on the basis of limited data, that  clutch 
s ize  decreased as  the season progressed. 
this parameter i n  a monitoring prograrn wuld require collections or a t  
l eas t  counts throughout the length o f  the  season. 
limited data indicated that no such l inear  relationship between clutch 
size and point-in-season existed,  and the  massive data base generated i n  
t h i s  study confirms t h a t  fact .  Loggerhead clutch s ize  does not decrease 
as the season progresses, a t  l e a s t  not a t  KSC. 
cating factor. 
include a check on the s ize  d i s t r i b u t i o n  of adult females frorn bhich 
clutches were taken. 
(see above), and displayed i n  Figure 12. 
If this were so, the use of 
Ehrhart's (1976) 
The fac t  that  larger females lay larger clutches is  a minor coinpli- 
Any use of clutch size as  a monitoring tool should 
I t  should approximate tha t  observed i n  this study 
Egg Weight and Diameter 
the average, a t  Cape Romain, South Carolina, and t h a t  i s  considerably 
less  t h a n  the average observed a t  KSC. Remarkably few other authors  have 
reported egg weights. 
Caldwell (1959) reported t h a t  loggerhead eggs weigh about 35 g, on 
The fact  t h a t  mean egg w e i g h t  and egg diameter were significantly 
smaller i n  1977 was unexpected. 
form; indeed, they are. The observed s t a t i s t i ca l  significance of the 
difference should not be given exaggerated importance. I t  i s  probably 
due a t  l eas t  as much t o  the huge number of data points (4,500) as t o  any 
biological factor. The very small variation i n  these d a t a  make egg 
weight,  especially, a useful component of the monitoring model. Because 
the eggs are not  perfectly spherical, the  measurement of minimum dia- 
meters is  subject to  error. T h i s  diminishes the usefulness of this para- 
meter as  a moni tor ing  tool. The fact  t h a t  egg weight (and s ize)  does not 
decrease (or increase) as the season progresses, f i t s  well w i t h  the simi- 
l a r  lack of  a trend i n  clutch s ize  and means t h a t  the protocol for a mon- 
i t o r i n g  program would not have t o  include a specific chronological 
schedule. 
The means and variances seem very u n i -  
Fert i 1 i t y  Rates 
erature. 
ported 88.3 percent and 85.7 percent f e r t i l i t y  i n  2 successive years. 
The ra tes  observed here are  very comparable. 
Few reports of f e r t i l i t y  ra tes  of loggerhead eggs appear i n  the  l i t -  
Hughes, Bass and Mentis (1967) and Hughes and Mentis (1967) re; 
F e r t i l i t y  ra tes  exhibit considerable within-season va r i a t ion  and no 
s ignif icant  annual variabil i ty.  They are not  affected by v a r i a t i o n  i n  
the s ize  of the female parent, nor by variation i n  clutch size,  egg 
weight or  point-in-season, Accordingly, they can be very useful as 
components of a moni t o r i  n g  model. Quanti fyi  ny t h i  s parameter i nvol ves 
considerably more manpower because unhatched eggs must be cut open and 
examined and the resultant hatchlings must be deal t  w i t h .  
inaccuracy i s  introduced by the destruction of i n f e r t i l e  eggs by the 
hatch1 ings  and by the phenomenon of t w i n n i n g .  Nevertheless, f e r t i l i t y  
rates consti tute a reasonably useful component of the baseline. In  
addition, the hatchlings produced may well be useful as subjects for 
sim l e  behavioral experiments that  are suggested above (see Nesting 
Some 
Adu P t s )  a s  components of the monitoring program. 
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Hatch1 i ng Morpho1 ogy 
virtually identical t o  those a t  KSC. I t  is odd t h a t  these South Carolina 
hatchlings could develop from eggs tha t  weighed 15 percent less and s t i l l  
be equal i n  weight a t  hatching. 
The fact t h a t  hatchlings were lighter i n  weight in 1977 agrees w i t h  
the fact t h a t  eggs were lighter t h a t  year as well. The contradictory re- 
sults of the morphometric analysis (1977 hatchlings are larger i n  most 
characters) confuses the issue somewhat. Linear measurements of hatch- 
l i n g s  are more subject t o  error because of va r i a t ion  i n  the amount of un- 
f o l d i n g  and drying over time. Weight measurement is  less subject t o  
error and much less time-consuming. Accordingly, morphometric measure- 
ments are less useful as monitoring parameters. 
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Summary and Conclusions 
The thorough mixture of year-cl ass proportions amoung multi-an- 
nual recaptures (loggerheads) suggests t h a t  there may be no regu- 
1 a r  reproducti ve cycl e. The monitor ing model should not predict 
any specific proportion of marked turtles t o  return a t  2, 3,  or . .  
N-year interval si 
KSC loggerheads are markedly site-tenacious; the overall mean 
distance between multi-annual recoveries is only 5.47 km. T h i s  
fact has only general significance t o  the monitoring program. 
The loggerhead nesting season extends from the f i r s t  week of May 
t o  the end of August a t  KSC. 
June t o  28 August. 
Re-emergence interval modes vary from year-to-year. The monitor- 
ing model should take this fact into account and not consider the 
expression of this t r a i t  as an ind ica t ion  of abnormality. 
Mean clutch size for loggerheads a t  KSC is  approximately 110 eggs 
and d i d  not vary significantly from 1976 t o  1978. 
this and the fac t  t h a t  clutch size does not change as the season 
progresses, i t  i s  an excellent monitoring tool.  The size distri- 
b u t i o n  of  a d u l t  females from which clutches for monitoring are 
taken should approximate t h a t  observed here and i T1 ustrated i n  
Figure 12. 
Egg weight and size can vary significantly from year-to-year i f  
huge sample sizes are used. Measurement of egg diameter is sub- 
ject t o  error. 
small for both,  however, and egg weight, a t  least, should be use- 
ful  as a monitor, albeit w i t h  recognition of some small inherent 
variation. 
the course of the season means t h a t  the protocol for  a monitoring 
program would not have t o  include a specific chronological 
schedul e. 
Fertility rates exhibit considerable within-season variation and 
no significant annual va r i a t ion .  Because of this and the fac t  
t h a t  they are not affected by size of female parent, clutch size, 
egg weight, or point-in-season, they can be very useful as 
monitors. 
b u t  the hatchlings produced can be used i n  other parts of the 
monitor ing program. 
Green turtles nest there from 15 
Because of 
The range and within-sample variance is very 
T h a t  egg weight and clutch size do not change over 
Measurement of this parameter is more labor intensive 
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8. Linear  measurements o f  hatch1 ings  a r e  time-consuming and subject 
Simple weights a r e  e a s i e r  t o  get and more e r ro r - f r ee .  
. 
t o  e r ro r .  
Wi th  t h e  same precaut ions  noted i n  No. 6 (above) ha t ch l ing  weight 
can be useful a s  a monitor. 
% i s  a def ini te  c o r r e l a t i o n  between the incidence of turt le 
c a r c a s s  s t r a n d i n g s  and a c t i v i t y  o f  the shrimp f i s h i n g  fleet i n  the area.  
Ulrich (1978) , i n  South Carol ina and H i l l e s t a d ,  Richardson, and 
Williamson (1977) ,  i n  Georgia,  have shown conclus ive ly  t h a t  s i m i l a r  mass 
c a r c a s s  s t r a n d i n g s  a r e  due p r imar i ly  t o  drownings i n  shr imp t rawls .  
had obse rve r s  on board some of  the t r awle r s .  That has not been the case  
i n  F lo r ida ,  a s  y e t ,  but  the implicaton i s  c l e a r .  The only quest ion t h a t  
remains is whether the turtles a r e  hea l thy  o r  no t ,  before  being 
captured.  
d i seased  and even moribund when captured but  i t  is doubtful t h a t  more 
than  a small p ropor t ion  a r e  so a f f ec t ed .  
They 
Our  meager autopsy results i n d i c a t e  t h a t  some may indeed be 
The importance of  this m o r t a l i t y  documentation involves  the need t o  
The p o s s i b i l i t y  o f  a first shuttle launch da te  i n  November 
I f  the 
a s s e s s  sea  tu r t le  m o r t a l i t y  i n  the KSC a rea  p r i o r  t o  STS launch 
opera t ions .  
1979 has  been discussed.  
c a r c a s s e s  s t randed  on the beach j u s t  south of  the space center. 
f i rs t  o r  subsequent launches should happen t o  co inc ide  w i t h  a mass 
s t r a n d i n g  l ike  t h a t  i n  Cocoa Beach i n  1978, having information on the 
scope,  chronology, and cause of  such d i s a s t e r s  i n  the pas t  should help t o  
que1 1 unreasonable pub1 ic  assumptions about cause and effect. 
shown t h a t  there is an unusual and ex t r ao rd ina ry  aggregat ion of  
loggerhead turtles i n  the naviga t ion  channel a t  Por t  Canaveral. I t  
appears  t h a t  i n  co ld  y e a r s  they may a c t u a l l y  overwinter  there i n  a s t a t e  
o f  dormancy, stuck head- f i r s t  i n  the sediment a t  the bottom o f  the 
channel.  
(L. Ogren, pers.  comm.). I t  i s  c l e a r  t h a t  the turtles t h a t  a r e  dying and 
s t r a n d i n g  north and south of the por t  a r e  elements o f  the same populat ion 
o f  immature animals. 
u n t i l  mid-March 1979, when a dead tu r t le  bear ing  a NMFS t a g  washed up on 
the beach a t  KSC. 
i n  November. 
In 1977, the first o f  a t  l e a s t  34 loggerhead 
National Marine Fisheries Service (NMFS) b i o l o g i s t s  have recently 
The turtles found there a r e  repor ted  t o  be mostly sub-adul ts  
There was a c t u a l l y  no direct evidence f o r  t h a t  
I t  had been tagged by NMFS i n  the navigat ion channel 
These m o r t a l i t y  d a t a  taken t o g e t h e r  w i t h  what we now know about 
1 agoonal popula t ions ,  w i t h  the information being developed a t  Po r t  
Canaveral by NMFS, and w i t h  a d u l t  t a g  return d a t a ,  a r e  beginning t o  shape 
a new concept o f  the l i f e  h i s t o r y  of  loggerhead turtles. 
this  hypothes is ,  immature turt les remain throughout the y e a r  i n  coas t a l  
and lagoonal waters ,  many perhaps not moving f a r  from their  na ta l  
beaches. They a r e  jo ined  there i n  the sumers by a d u l t s  migrat ing from 
the Bahamas, Cuba, and o t h e r  p a r t s  o f  the Antilles. After the nesting 
season,  most a d u l t s  return t o  warmer waters  f o r  the winter. The immature 
animals  remain, however, and appa ren t ly  have the a b i l i t y  t o  overwinter  i n  
a s t a t e  o f  dormancy. 
through inlets, and spend varying amounts of  time there. 
According t o  
Some enter the lagoons,  a c t i v e l y  o r  pas s ive ly ,  
As they  mature 
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and come under the influence o f  gonadal hormones, s p a t i a l  a c t i v i t y  i n -  
c r e a s e s  and they  even tua l ly  move ou t  through a canal o r  in le t ,  t o  j o i n  
the a d u l t  populat ion when i t  a r r i v e s  a t  the beginning of t h e  next nes t ing  
sea  son, 
T h i s  hypothes is  is just t h a t ,  a hypothesis .  B u t  i t  b r ings  toge the r ,  
i n  a parsimonious manner, information t h a t  has been developed by ou r  
group and o t h e r s  only wi th in  t h e  l a s t ’ f e w  years .  
ing  and eva lua t ion .  
I t  merits further test- 
Summary and Concl usions 
1. S i g n i f i c a n t  numbers of  s e a  tu r t le  c a r c a s s  s t r and ings  were first 
documented i n  t.he KSC a rea  i n  November and December 1977. A 
t o t a l  o f  34 dead turtles was documented. 
Very few m o r t a l i t y  r eco rds  were observed from January  t o  March, 
1978. The r a t e  increased  t o  about one per week i n  Apr i l  through 
September 1978. 
In e a r l y  October mass m o r t a l i t y  of  sea  turtles was documented (64 
ca rcas ses ) .  
January,  February and March, 1979. 
Should the first o r  subsequent STS launches happen t o  co inc ide  
w i t h  a mass s t r and ing  l ike  t h a t  i n  Cocoa Beach i n  1978, having 
information on the scope, chronology, and cause of such d i s a s t e r s  
i n  the pas t  should he1 p t o  que1 1 unreasonable pub1 ic assumptions 
about cause and effect. 
Monitoring sea  tu r t le  m o r t a l i t y  i n  t h e  KSC a rea  would have t o  be 
done through coopera t ion  w i t h  the F lo r ida  Marine Pat ro l  and loca l  
law enforcement agencies  and s a n i t a t i o n  departments. 
ope ra t ion  o f  the l a t t e r  two types  of  agencies  depends on rap id  
response o f  i n v e s t i g a t o r s .  Thorough documentation r equ i r e s  co l -  
l e c t i o n  o f  voucher specimens ( sku l l  o r  o t h e r  p a r t s )  and deposi-  
t i o n  i n  a proper  museum c o l l e c t i o n .  There is no scient i f ic  way 
t o  determine the percentage o f  repor ted  s t r and ings  t h a t  should be 
inves t iga t ed  d i r e c t l y ,  b u t  i t  seems reasonable  t h a t  the credibi l -  
i t y  o f  a l l  records  would be enhanced if there were voucher speci- 
mens cu ra t ed  for more than  50 percent o f  the repor t s .  
2. 
3. 




Lagoonal Popul a t  ion 
S i g n i f i c a n c e  of KSC Lagoonal Popbla t ions  
l i f e  h is tory .  
Very l i t t l e  r e sea rch  has centered on the immature s t a g e  of sea turt le 
T h i s  i s  true despite the f a c t  t h a t  an understanding o f  
this s t a g e  i s  e s s e n t i a l  i n  understanding the populat ion dynamics of the 
much better s tudied  adu l t s .  Though this f a c t  has long been recognized, 
only recently have researchers begun concent ra ted  s t u d i e s  on imnature 
t u r t l e  populations.  There has a1 so r e c e n t l y  been s t rong  governmental 
agency i n t e r e s t  i n  these populat ions because o f  their des igna t ion  as  
t h rea t ened  and endangered. Sea turt les,  when not  on land nesting, a r e  
under the j u r i s d i c t i o n  o f  the National Marine Fisheries Service. T h i s  
agency i s  currently surveying and a s ses s ing  the s t a t u s  o f  concent ra ted  
popula t ions  o f  marine turtles i n  their marine environment and cons ider ing  
c r i t i c a l  h a b i t a t  des igna t ion  f o r  them. 
92 
The lagoonal systems surrounding KSC have come t o  the a t t e n t i o n  of 
NMFS because of h i s t o r i c a l  records  i n d i c a t i n g  the presence of sea t u r t l e s  
there and our  own research .  O f  the three lagoonal systems, Mosquito 
Lagoon can be considered an important and unique developmental h a b i t a t  
f o r  immature Chelonia and C a r e t t a ,  I t  is on the doors tep  of KSC: one of 
our  most product ive  netting si tes f o r  the endangered green t u r t l e  i s  
loca ted  i n  the southern  t i p  of Mosquito,Lagoon, about 1 kin from LC 39. 
O u r  populat ion s i z e  e s t i m a t e s  i n d i c a t e  a s u b s t a n t i a l  populat ion o f  
sub-adul t animals of both spec ies .  
f o r  Chelonia. 
only occas iona l ly  i n  sub- t ropica l  o r  temperate  waters.  The 1977 co ld  
s tunn ing  ep isode  and concent ra ted  n e t t i n g  ad jacen t  t o  g ra s s  f l a t s  have 
shown t h a t  there is a populat ion of approximately 140 Chelonia t h a t  a r e  
r e s i d e n t i a l  t o  some degree and there is  immigration of these turtles i n t o  
the lagoon. 
T h i s  result was completely unexpected 
Green turtles a r e  b a s i c a l l y  t r o p i c a l  animals t h a t  a r e  seen 
The only o t h e r  comparable populat ion o f  Chelonia on the con t inen ta l  
U.S. c o a s t  is the Cedar Key-Crystal River populat ion i n  west F lo r ida  t h a t  
has not been s tud ied  since 1956. 
sub-adul t C a r e t t a  present i n  bays and e s t u a r i e s  i n  severa l  southeas te rn  
s t a t e s  b u t  no s t u d i e s ,  except  t h o s e  on t rawl  m o r t a l i t y ,  a r e  c u r r e n t l y  i n  
progress .  
There appa ren t ly  a r e  popula t ions  of  
The l agoon ' s  Chelonia and C a r e t t a  popula t ions  a r e  morphological ly  
s i m i l a r  t o  those  found on the west coas t  o f  Flo r ida  and the southeas t  
c o a s t  (see below), b u t  they  differ  because of the lagoon ' s  t r a p  e f f e c t .  
Es e n t i a l l y  the lagoon is  a b a f f l e  t r a p  w i t h  only two narrow ent rances  
F l o r i d a  may be drawn i n  by the s t r o n g  t i d a l  current present a t  Ponce de 
Leon I n l e t ,  the nor thern  access  t o  the lagoon. Several i n s t ances  of just 
such behavior  have been observed. The northern end of Mosquito Lagoon is 
h ighly  developed and has been dredged. A turtle, poss ib ly  not encounter- 
i n g  s u i t a b l e  h a b i t a t ,  i s  funneled south fol lowing the I n t e r c o a s t a l  Water- 
way t o  an a rea  o f  less development and more g r a s s  f l a t s .  
f r o  9t-n ad jacen t  bodies  o f  water. T u r t l e s  moving along the e a s t  coas t  of 
Residency, Immigration and Emigration 
s u i t a b l e  feeding ground is encountered and t o  d i s p l a y  homing a b i l i t y  f o r  
I n  Chelonia ,  there is a s t r o n g  tendency t o  become a resident once a 
t h a t  h a b i t a t  (Schmidt, 1961; Carr  and Caldwell , 1956-; Burnett-Herkes, 
1974). A green turtle may remain i n  the southern por t ion  of the lagoon 
u n t i l  i t  approaches matur i ty .  Some may occas iona l ly  l eave  through Haul- 
over  Canal (we have a t a g  recovery from the ad jacen t  Banana River, demon- 
s t r a t i n g  this f a c t ) ,  As the t u r t l e  approaches ma tu r i ty ,  phys io logica l  
changes may inc rease  i t s  e f f o r t s  t o  l eave  the lagoon and journey t o  the 
hypothesized na ta l  nesting beach. T h i s  would exp la in  the absence of 
green t u r t l e s  i n  the 50-60 kg s i z e  category.  T h i s  range is just below 
the sma l l e s t  recorded nesting s i z e .  
The populat ion of  F lo r ida  west coas t  Chelonia was thought t o  l eave  
the feed ing  grounds and move elsewhere i n  the winter. 
(1956) r epor t ed  t h a t  the loca l  tur t le  fishermen bel ieved t h a t  a t  the 
f irst  co ld  s p e l l ,  green turtles assembled i n  l a r g e  bands and l e f t  the 
Carr  and Caldwell 
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area coiiipl e te ly ,  returning only h e n  higher water temperatures occurred 
i n  the  l a t e  spring. O u r  monthly netting data would have supported the 
hypothesis of seasonal occurrence of Chelonia i n  the lagoon since we have 
a much be t te r  CPUE i n  the suininer m o n t n w e v e r ,  the cold water epi- 
sodes of 1977 and 1978 show t h a t  t u r t l e s  remain i n  Mosquito Lagoon 
throughout the winter. Of the  99 green t u r t l e s  captured i n  January 1977, 
43 percent had mud on t he i r  carapaces. They may have sett led on the bot- 
tom and become par t ia l ly  buried. This may be an adaptive strategy i n  re- 
sponse to  the lagoon's t r ap  e f f ec t ,  and i f  indeed the lagoon were inore 
open t o  the ocean, the  Chelonia m i g h t  migrate seasonally. Felger e t  a1 
(1976) reported green t u r t l e s  burying i n  the mud i n  the G u l f  o f  Cali- 
fornia which also has res t r ic ted access t o  the ocean ( i n  tenns of d i s -  
tance). 
previously thought (see below). 
T h i s  "burying up," therefore, may be a more common strategy t h a n  
In any event, there is evidence t h a t  green t u r t l e s  remain i n  the 
lagoon for  extended periods of  time. The longest recapture interval was 
20 months, an indication of some degree of residency. There is  also 
indication o f  ongoing immigration of Chelonia into the lagoon ( a  92 per- 
cent recapture ra te  i n  1977 vs. 38.8 percent in 1978). 
esting was the fac t  t h a t  i n  1 9 7 7 ' ~  captured green t u r t l e s  i n  our nets 
u n t i l  September, and 11 of 1 2  of these turtles were recaptures. Then i n  
the January 1978 cold-stun episode, three of  the f ive  Chelonia were new 
animals, and i n  the spring four more new green tu r t l e s  were caught. T h i s  
would seem t o  indicate a possible influx of green t u r t l e s  i n t o  the lagoon 
in the f a l l .  T h i s  f i t s  i n  well w i t h  the report by Carr and Sweat (1969) 
t h a t  indicated t h a t  small bands of immature Chelonia t u r n  u p  i n  inshore 
waters of Pamlico Sound, North Carolina, i n  November. 
Especially inter-  
The presence of loggerheads i n  the lagoon i s  a more expected circum- 
stance t h a n  t h a t  of Chelonia, since Caretta is  known t o  enter estuarine 
s i tuat ions (Ernst and Barbour, 1972). Sub-adult t u r t l e s  seem t o  be espe- 
c i a l ly  abundant i n  bays and sounds as shown by b o t h  the Georgia .and South 
Carolina trawl mortality studies where 94.4 percent and 72.5 percent of 
the t u r t l e s  were below 75 cm in s t ra ight- l ine length (Hillestad e t  a t . ,  
1977; Ulrich, 1978). Both reports mention the r a r i t y  of loggerheads less  
than 50 cm i n  carapace l e n g t h  and t h i s  agrees w i t h  our data. 
Our Caretta population s ize  estimate of approximately 250 animals i s  
probably an underestimation. Local fishermen t e l l  us t h a t  there are 
hundreds of loggerheads i n  Mosquito Lagoon and they certainly are much 
more conspicuous (i.e. seen coming to  the surface to  brea th)  than green 
turtles..  There also appears t o  be much more immigration of Caretta t h a n  
Chelonia into the lagoon. Recapture percentages between 1977 and 1978 
d i d  not vary greatly and the mean percent recapture was low compared t o  
that  of  green t u r t l e s  ( X  percent = 28.8 percent vs. 65.4 percent). Emi-  
g r a t i o n  by loggerheads may a l s o  be lowering our recapture precentages. 
A1 though whether loggerheads a re  residential on feeding grounds remains 
t o  be studied, i t  i s  generally believed t h a t  Caretta ranges more widely 
than Chelonia (Ernst and Barbour, 1972). Loggerheads, b e i n g  carnivorous, 
would not be restr ic ted to  areas of grass f l a t s  as  green t u r t l e s  may be 
and i t  would probably be t o  t he i r  advantage to be extremely mobile bhile 
foraging. This increased movement while feeding may be enough t o  enable 
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loggerheads t o  find the i r  way out of the t r a p  of the lagoon just by the 
law of averages. 
15 months which can indicate some degree of residency. 
t h a t  habitats l i ke  the lagoon are ,  indeed 
However, Caretta have been in the lagoon for as long as  
I t  may well be 
head devel open t .  
Population Structure 
As stated ea r l i e r ,  the size d is t r ibu t  
species of t u r t l e s  are comparable t o  popu 
Therefore, since the lagoon has a typical 
a necessary factor in 1 ogger- 
ons of the populations o f  both 
ations found in other areas. 
population structure,  i t  i s  
worthwhile t o  compare the population structures of the two species of 
marine t u r t l e s  t h a t  inhabit the same habitat. Green tu r t l e s  under 40 kg 
. accounted f o r  87 percent of the population. A large number of individ- 
ual s were quite smal 1 (24.3 percent < 10 kg)  b u t  no year1 ing size class 
t u r t l e s  were ever encountered. In contrast t o  Chelonia, 53.5 percent of 
the Caretta were over 40 kg ,  with 6 percent large enough to be categor- 
ized as  adults. Even more s t r iking was the lack of loggerheads below the 
20 k g  category which makes up 41 percent of the Chelonia population. 
This difference in population structure may be explained in t m  ways: 
there may e i ther  be a different ia l  growth rate  or differential  use of 
habitats by the t u r t l e s  a t  different stages in t h e i r ' l i f e .  
becoming increasingly c lear  that  loggerheads grow fas te r  and mature 
ea r l i e r  than green t u r t l e s  (see below). 
too great,  i t  i s  very possible t h a t  loggerheads in the 20-30 kg range are 
no older t h a n  Chelonia weighing 10  kgs o r  less.  
An a l ternat ive explanation en ta i l s  the use of the same habitat, for  
whatever reasons, by'the two species a t  different points i n  t h e i r  l i f e  
history. 
course, exploiting different  resources in the 1 agoon; Chelonia being ex- 
clusively herbivorous except for  very early in l i f e  (see below) and 
Caretta being carnivorous. Rather, the different ia l  use of the lagoon 
may re la te  t o  inherent differences in the species' l i f e  histories.  
I t  i s  
Even t h o u g h  the disparity seems 
I t  would not be a question of competition for they are, of 
All s ize  classes of Chelonia are found in the lagoon with the impor- 
t a n t  exceptions of  the lo s t  f i r s t  year and the adult categories. I t  may 
be argued t h a t  these two stages are missing because of different habitat 
requirements, the hatch1 ing needing approximately a year of pelagic, open 
ocean, carnivorous existence, a s  indicated by Witham's (1976) resu l t s ,  
and the tyro adult seeking a suitable breediny/nesting area. 
The records indicate t h a t  Caretta primarily uti1 ize inshore waters a s  
sub-adults b u t  are also present as adults and juveniles. 
present i n  order t o  exploit the rich invertebrate fauna associated w i t h  
these areas. However, there remains the question of where the under 50 
cm loggerheads occur and why they are not also exploiting these available 
resources. I t  may be they are able to  spend more time in an open ocean 
system, not constrained a s  Chelonia are  by the necessity of finding shal- 
l ow, grassy inshore waters- 
They may be 
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Growth 
As i nd ica t ed  above, o u r  d a t a  show a d i f f e r e n t i a l  growth r a t e  between 
Chelonia and Care t ta .  
-twice a s m i a  (6.15 vs. 3.24 cm/yr). T h i s  would mean 
t h a t  a Chelonia would r e q u i r e  twice the time t o  reach a c e r t a i n  size ca t -  
egory. 
Chelonia. 
C a r e t t a  have grown twice as f a s t  as  Chelonia dur ing  their pe lag ic  l i f e  
s tage.  This may well be why Care t t a  below 50 cm a r e  seldom seen i n  estu- 
a r i n e  s i t u a t i o n s .  
Ca re t t a  i n  Mosquito Lagoon a r e  growing approxi- 
Therefore ,  a 61.0 cm C a r e t t a  may be the same age a s  a 32.0 cm 
Turtles may be e n t e r i n g  the lagoon a t  the same age, but 
T h i s  is not  what was be l ieved  i n  the past  because most s t u d i e s  were 
based on c a p t i v e  animals which  showed a much h igher  r a t e  of  growth. 
Schmidt i n  1916, repor ted  an inc rease  of  5.2 kg/yr  i n  wild recaptures  
( N  = 8). 
(1958) dismissed Schmidt 's  da ta  a s  improbably slow according t o  his own 
c a p t i v e  growth r a t e s .  
r e q u i r e  5 y e a r s  f o r  Chelonia t o  reach maturi ty .  
N o f  f o u r  c a p t i v e  animals predicted 13 y e a r s  u n t i l  matur i ty .  
(1971) es t imated  an inc rease  o f  7-12 cm/yr w i t h  an age a t  matur i ty  of 4 
t o  13 years .  These d a t a  d i f f e r  q u i t e  d rama t i ca l ly  w i t h  growth i n  the 
wild. Burnett-Herkes (1974) found an inc rease  of only 4.4 cm/yr (N = 
3). Limpus (1978), working w i t h  the 60-90 cm size c l a s s  i n  wild 
Chelonia,  found a 1.1-1.4 cm inc rease /y r  and p r e d i c t s  30+ y e a r s  t o  matur- 
a t ion .  Balazs (1978),  a l s o  working w i t h  wild populat ions,  ind ica ted  t h a t  
growth r a t e s  i n  his populat ions vary geographica l ly  between feeding 
grounds and repor ted  a range o f  0.95 t o  5.3 cm. 
m a t u r i t y  a t  13-50 years .  
ma tu r i ty  o f  approximately 30 y e a r s  f o r  green turtles. 
Even less d a t a  a r e  a v a i l a b l e  f o r  Care t ta .  Caldwell (1962), w i t h  an N = 
5,  aga in  working w i t h  c a p t i v e  a n i m s t i m a t e d  age of  matur i ty  a t  6-7 
years .  Uchida (1967) es t imated  a maturat ion age of  8 y e a r s  ( N  = 2). 
Limpus (1978) repor ted  a maximum inc rease  o f  1.65 cm/yr i n  Ca re t t a  and 
p red ic t ed  30+ y e a r s  t o  matur i ty .  L impus  was working w i t h  Ca re t t a  i n  a 
l a r g e r  size range (75-85 cm s t r a i g h t - 1  ine carapace  1 e n g t h ) m u r  
lagoonal turtles which  i s  the probable reason f o r  t h e  decreased growth 
r a t e .  Our l i m i t e d  d a t a  a l s o  show t h a t  a s  a turtle g e t s  l a r g e r  i t s  growth 
slows considerably.  Car r  and Goodman (1970) found t h a t  wild a d u l t  
Chelonia inc rease  only  0.4 cm/yr i n  length.  
O u r  C a r e t t a  growth d a t a  f a l l  mid-way between Limpus '  results and 
t h o s e  o f m p t i v e  s tud ie s .  
growth r a t e  o f  6 cm/yr and we es t ima te  an age a t  ma tu r i ty  of  12-15 years .  
T h i s  i nd ica t ed  an extremely slow growth r a t e .  Hendrickson 
He es t imated  t h a t  i n  t r o p i c a l  waters  i t  would o n l y  
Caldwell (1962) w i t h  an 
Hirth 
He predic ted  age of 
On the b a s i s  o f  our  d a t a ,  we p red ic t  an age of 
Working w i t h  sma l l e r  turtles, we f i n d  a 
Col d-stunni ng 
a s t a t e  o f  dormancy by burrowing o r  s e t t l i n g  i n t o  the bottom mud i n  the 
Gulf o f  Ca l i fo rn ia .  T h i s  was the first documentation of such an occur- 
rence and con t r ad ic t ed  the general  belief t h a t  green turtles migra te  t o  
warmer waters  a s  temperatures  decrease. Carr  and Caldwell (1956) re- 
ported t h a t  a small minor i ty  o f  Gul f c o a s t  turtlers bel ieved t h a t  green 
Fe lger  et  a l .  (1976) have documented t h a t  green turtles overwinter  i n  
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turtles d i d  not migra te  but  r a t h e r  s tayed year  round and "buried up'' i n  
the mud bottom o f  ho le s  on the f l a t s .  Carr and Caldwell s t a t e d  t h a t  th is  
theo ry  "seems t o  t a k e  support  from the occasional  occurrence of  mud- 
covered turt les amoung the sp r ing  catches. ' '  In the winter of  1977-1978, 
shrimp t r a w l e r s  i n  the Por t  Canaveral Channel t rawled up many sub-adul t  
loggerhead and a few r i d l e y  t u r t l e s  t h a t  apparent ly  were buried dormant 
i n  the mud a t  the bottom of  the channel.. These turtles were covered with 
mud and appeared emaciated.. 
I t  i s  a f a c t  t h a t  a t  l e a s t  43 percent o f  the green turtles taken dur- 
i n g  t he  January,  1977 cold-water  ep isode  were covered,  most uncharacteri s- 
t i c a l l y ,  by a uniform l a y e r  of lagoon bottom mud. We have photographs t o  
document this. In t h a t  mud were found growing rhizomes o f  manatee g r a s s  
(Cymodocea f i l  i fo rmis )  and an a lga ,  growing epi z o i c a l l y ,  tentatively 
i d e n t i f i e d  as  a species o f  Cladophora, a common l i t t o r a l  zone alga.  T h i s  
i s  the only  time t h a t  we have ever seen mud-covered green turtles and i t  
must be  viewed a s  c i r cums tan t i a l  evidence t h a t  some of  them were seden- 
t a r y  on the bottom f o r  a period of time. 
However, i t  rnay be t h a t  winter dormancy i s  a more common s t r a t e g y  
than previous ly  thought ,  being employed when water temperatures f a l l  
below a c r i t i c a l  minimum. 
When turt les f l o a t  t o  the s u r f a c e  i n  a stunned cond i t ion ,  i t  may well 
be an i n d i c a t i o n  t h a t  the dormant response f a i l e d  because unusually co ld  
water tempera tures  f o r  extended per iods  o f  time exceeded the turtles' cri- 
t i c a l  th reshold .  
Cold-water s t u n n i n g  i s  reported anecdo ta l ly  and well-known t o  na t ives  
o f  the area.. Wilcox (1898) provides  the fol lowing information:  "The 
unusual co ld  of the winter o f  1894-95 i s  a1 so known t o  have s e r i o u s l y  
a f f e c t e d  the abundance o f  turtles. Several hundred turtles were then 
found f l o a t i n g  on the su r face  i n  a numbed o r  f rozen  condi t ion.  On being 
warmed, most of t h e m  survived and were soon on their  way t o  the nor thern  
markets. Since the cold  spe l l  turtles have been much scarcer than ever." 
I t  rnay well be t h a t  green turtles a r e  more o r  less t rapped i n  
Mosquito Lagoon, which i s  b l ind  a t  i ts  southern end. 
t h a t  has  entered the lagoon a t  Ponce I n l e t  or through Haulover Canal has 
the sense t o  go nor th  f irst  t o  avoid l o w r i n g  water temperatures  is  deba- 
t ab le .  
t rapped turt les;  a response which f a i l s  i n  unusual ly  cold y e a r s  ( t h i s  
phenomenon appa ren t ly  occurred 1 a s t  i n  1962) 
tempera tures  than  greens  and th i s  i s  borne o u t  by o u r  observat ions.  
Appendix F igure  22 shows the r e l a t i o n s h i p  of  water temperature t o  the 
number o f  tur t les  rescued per day during the 1977 co ld  spell. 
c l e a r  t h a t  green tu r t les  were a f f e c t e d  e a r l  ier and more s e r i o u s l y  than 
loggerheads,  and t h a t  many loggerheads survived the harsh cond i t ions  on 
their own. 
a l l  . 
Whether a tur t le  
Lying dormant (or nea r ly  so) on the bottom may be a response o f  
Schwartz (1979) has shown t h a t  loggerheads a r e  inore t o l e r a n t  of low 
I t  i s  
Indeed, the l a r g e r  loggerheads were apparent ly  not stunned a t  
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In  January 1978, turtles again came to the surface i n  a stunned con- 
d i t i o n  b u t  on a much more limited scale. Only five individuals were col- 
lected. Again green turtles were more susceptible and loggerheads. Four 
Chelonia and one small Caretta were coll ected. Water temperatures never 
fell as low as the previous year nor for as long a period of time. 
appears t h a t  green turtles may be able t o  cope w i t h  temperatures i n  the 
8°C t o  11°C range on a limited basis, possibly burying themselves on the 
bottorn of the lagoon in t o r p i d  state. 
I t  
The doeumentati on of the 1 imited occurrence of the col d-water stun- 
n i n g  phenomenon n 1978 i s  important because i t  indicates t h a t  cold-water 
stunning may occur, a t  some degree, every year. 
none, once-per-decade event as i t  may have seeined. Moreover, i t  is fa i r  
t o  say t h a t  as of this w r i t i n g ,  the available evidence indicates t h a t  the 
phenomenon of cold-water stunning of sea turtles, particularly green tur- 
t l es ,  reaches the peak of i t s  expression i n  Mosquito Lagoon, w i t h i n  the 
confines of the  Kennedy Space Center. I t  i s  doubt fu l  t h a t  i t  occurs i n  
the same intensity anywhere else i n  the world. 
I t  i s  not an all-or- 
Summary and Conclusions 
1. Of the three lagoonal systems a t  KSC (Banana River, Indian River, 
Mosquito Lagoon), Mosquito Lagoon was shorm t o  be an important 
and unique developmental h a b i t a t  for immature Chelonia and 
Caretta. 
rounded by KSC lands and its southern extreme is less than 2 km 
from LC 39. 
O u r  estimates indicate a t o t a l  p o p u l a t i o n  of  135 green turtles 
and 253 loggerheads i n  Mosquito Lagoon. 
pl etely unexpected for Chelonia: 
tropical animals t h a t  are seen only occasionally i n  sub-tropical 
or temperate waters. 
The w e i g h t  and size structures of  lagoonal Chelonia and Caretta 
populations differ and growth rates are different for the two 
species . 
The phenomenon of col d-water stunning of sea turtl es, particul ar- 
l y  green turtles,  reaches the peak of i t s  expression in Mosquito 
Lagoon, within the confines of the Kennedy Space Center. I t  i s  
doubtful  t h a t  i t  occurs i n  the same intensity anywhere else i n  
the world. 
The only way t o  monitor these popula t ions  of immature, lagoonal 
loggerheads and green turtles is  t o  capture individual turtles 
a1 i ve i n  1 arge-mesh tang1 e nets. No other reasonable technique 
exists. Our results show t h a t  three netting sites; one i n  the 
north end, one i n  the middle, and one i n  the south end of the 
q u i t o  Lagoon, were most productive (Figure 3 6 ) .  Also, i t  i s  
a r  t h a t  netting i s  most productive i n  the wanner months (April 
t o  October) even t h o u g h  turtles remain i n  the lagoon throuyhout ’ 
the year (Figure 37). 
hours o f  netting a t  each of the three sites i n  June, July,  and 
August should produce numbers of  captures adequate for compari- 
sons against baseline capture rates established i n  this study. A 
new Flor ida  statute requires t h a t  all nets set i n  Mosquito Lagoon 
The open-water por t ion  of the lagoon i s  virtually sur- 
2. 
This result was com- 




A monitoring program t h a t  included 72 
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be tended throughout the day and night. Extending the monitoring 
e f f o r t  i n t o  the f a l l ,  winter  and spring would require a covered 
boat and would increase the cost greatly.  
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i t y  o f  Central  F lo r ida  we wre f o r t u n a t e  t o  have the 
r a t i v e  and technica l  a s s i s t a n c e  of Rosa l ie  Creamer and Mary Ann 
Johnston. Ms. 
Creamer's thorough competence has 1 i t e r a l  l y  kept the s h i p  a f l o a t .  Among 
the students, Mary T. Mendonca and E. S c o t t  Clark made ex t r ao rd ina ry  
c o n t r i b u t i o n s  and served,  e s s e n t i a l l y ,  a s  a s s i s t a n t  pr inc ipa l  i nves t iya -  
t o r s .  Richard Demmer, who has been a mainstay on the f ie ld  crew over the 
y e a r s ,  drafted a l l  o f  the graphs and figures. M. Angela McGehee*and 
Richard Seigel  a s s i s t e d  competently w i t h  the f ie ld  work, da t a  a n a l y s i s ,  
and r e p o r t  preparat ion.  The crew of  undergraduate students t h a t  c a r r i e d  
out  a l a r g e  sha re  of  the f i e l d  ciork i s  t o o  lengthy  t o  name indiv idua l ly .  
Much of what was accomplished was due t o  t he i r  good work. 
aware of the c o n t r i b u t i o n  these people have made i n  time and t a l e n t ,  and 
w i t h  sincere apprec ia t ion ,  I acknowledge thei'fl a l l  
Both went  ou t  of  their way t o  h e l p  on many occasions.  
I am well 
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Table 7. Analysis of variance table for three year 





Mode 1 6,092 
Error 316 , 363 
Total 322 , 455 
Mean 
- df  Square F Value 
2 3,046 













118.35 213 1977 
i i a , i i  382 19 76 
1 1 2 ~ 8  271 19 78 
A-94 
Table 9 .  Analysis  of va r i ance  t a b l e  f o r  t h r e e  y e a r  
comparisons of loggerhead carapace l e n g t h s  (SL) . 
Source of sum of Me an 
V a r i a t i o n  Squares df Square F Value P - 
Model 177 2 88.4 3.33 .036 
E r r o r  32,215 1,213 ’ 26.6 
T o t a l  32,392 1,215 
A-95 
Table 10. Duncan's M u l t i p l e  Ra 
N c_ Year - Mean Grouping -
A 
B A  
B 
93 .1  26 3 
92 .8  314 





V a r i a t i o n  
Model 
E r r o r  
Total 
Table  11. Analys is  of Variance t a b l e  f o r  t h r e e  y e a r  
comparisons of loggerhead carapace l e n g t h  (OC) . 
Squares df Square F Value P 
24 9 2 124.4 4.35 .013 
34,867 1,221 28.6 
35,116 1,223 











- Year 7 
19 7.7 
19 76 
98.9 643 1978 
Source of  
Var i a t ion  
Mode 1 
Table 13. Analys is  of Variance t a b l e  f o r  t h r e e  y e a r  












F Value P 
0 A31 3.48  
T o t a l  24,837 1,224 
A-99 





' B A  70,l 3 16 19 76 
B 69.9 64 1 1978 
A-1 00 
Table  19.  Analys is  of va r i ance  t a b l e  f o r  t h r e e  yea r  
comparisons of loggerhead p l a s t r o n  l e n g t h s .  
Source of Sum of Mean 
V a r i a t i o n  Squares df Square F Value P 
Model 169 2 84.4 4.88 .008 
E r r o r  21,194 1,226 17.3 
T o t a l  21,363 1,228 
A-1 01 
N - 
A 71.8 272 1977 
E A  
B 
71.2 3 15 
70.8 6 42 
19 76 
1978 
Table 17. Analysis  of va r i ance  t a b l e  f o r  t h r e e  y e a r  
comparisons of  loggerhead head widths .  
Source of sum of M e  an 
Var i a t ion  Squares df Square F Value 
Mode 1 57 2 28.4 9.68 











1*8* Duncan's Multiple Range T e s t  for Comp 
Of ead hea 
?,..et not si 
m - 
19.7 26 8 
19 -5 3 14 19 7'6 
19.2 644 1978 
A-1 04 
Source of 
V a r i a t i o n  
Table  19. Analys is  of Variance t a b l e  f o r  t h r e e  yea r  
comparisons of loggerhead carap  ce width (OC). 
Model 
E r r o r  
T o t a l  
Sum of Mean 
df Square F Value P Squares - 
95 2 47.7 1.84 .16 
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Table  24- Mean i n c r e a s e  i n  carapace l eng th  over  curve f o r  
loggerheads r e t u r n i n g  to  KSC a t  two t o  f i v e  
y e a r  i n t e r v a l s .  
INTERVAL 
2 Year 3 Year 4 Year 5 Year 
- 
X 0.95 c m  1.40 cm 2.30 c m  2.30 c m  
S.D. 1.08 3.7? 3.36 2.23 





























































































































































































































































































































































































h h  
w v  
m r n  
h h h  
z r n z  


































































m m  



























h a a 
m 


















































h h l -  
h h l -  
m c n c n  
4 4 r l  
h h h  
4 4 4  
3 5 3  
3 9 7 ’ 7  
b m a R  




























































m m In 
N 









































































































































































































































































































































m u 3  
h h  
m m  













































































































































































































































































































N h  
o m  
- 4  
4 4  
I I  
c o o  
4 0  
0 0  
m o  m m  
m o 3  
o m  
m d  
m a d -  
% \ %  
d . a a  
m u l  c o d  
r n d  
N h l  
I I  
m m  m t -  
0 0  
d N  N m  


































c n N O  





























N m 0 m 
a, 
M n  
C E  2s 
1 I I I 1 I 1 I I 
m = t  

























k n  
3 m  u u  
a c r  
m a ,  
U N  
a i m  









































































Table32 .  Number and s i z e  of eggs deposd.ted by logger turtles 
(Caret ea a t  K e  Space Center, 19761 


























































39.0 - 42.0 
40.0 - 42.0 
43.0 - 46.0 
39.0 - 42.0 
41.0 - 45.0 
39.0 - 44.0 
40.0 - 43;O 
39.0 - 43.0 
- 
39.3 - 42.8 
41.0 - 45.0 
39.5 - 41.5 
41.0 - 43.0 
42.0 - 47.0 
41.0 - 45.0 
43.0 - 44.5 
41.0 - 43.5 
43.0 - 46.0 


























(1 .19 )  
(2 .24)  
c - 8 2 )  
(2.42) 
(1 .52 )  
(1 .15)  
(1.04) 
(1 .93)  
(1 .63)  
( - 6 2 )  
(1 .50)  
( 093) 
(2 .30)  
37.0 - 39.5 
37.2 - 40.5 
4 6 - 0  - 54.5 
36.0 - 41.0 
40.9 - 46.0 
38.1 - 45.0 
37.3 - 41.9 
35.9 - 43.1 
39.2 - 42.3 
33.2 - 42.1 
44.8 - 40.0 
35.9 - 39.5 
38.2 - 42.0 
47.8 - 54.5 
40.5 - 47.0 
44.2 - 46.8 
38.2 - 43.4 
47.0 - 50.9 
39.7 - 29.1 
Table  32. Number and s i z e  of eggs depos i t ed  by loggerhead t u r t l e s  
(Caretta caretta) a t  Kennedy Space Center ,  1976. (Continued) 
Number DIAMETER (cm) WEIGHT ( 9 )  
Tag Eggs i n  (Sample of 20) (Sample of 20) 





























































38.0 - 42.0 
42.0 - 43.0 
41.0 - 43.0 
42.0 - 44.2 
36.3 - 40.6 
42.0 - 44.1 
41.2 - 43.5 
- 
42.0 - 44.2 
42.4 - 45.9 
43.0 - 45.4 
41.4 - 43.4 
39.5 - 41.5 
39.5 - 44.8 
38.2 - 47.0 
41.2 - 43.7 
41.4 - 44.0 
40.5 - 42.8 
36.2 - 40.8 










































32.8 - 37.2 
41.8 - 44.8 
37.2 - 41.5 
41.8 - 44.4 
23.6 - 33.8 
43.1 - 46.2 
37.0 - 44.5 
- 
44.0 - 48.0 
46.1 - 51.7 
43.8 - 50.0 
41.2 - 45.2 
33.6 - 42.0 
37.2 - 43.4 
39.5 - 43.9 
38.4 - 43.1 
38.8 - 46.4 
39.3 - 43.5 
29.4 - 37.2 
35.8 - 39.4 
Table 3 2  H and size of eggs deposited by loggerhead 
Number 
A 3 1 0 1  112 41_.69 ( .61) 40.4 - 42.6 40.81 ( .99) 38.3 - 41.9 
H1750 ' 104 43.87 ( .64) 40.0 - 42.6 41.39 ( .83) 39.2 - 42.7 
A 3 1 0 4  101 40.83 ( -49) 40.0 - 42.0 37.90 (1.21) 35.0 - 39.8 
H1481 119 42.95 ( .95) 41-1 - 44.6 43.48 (2.45) 40.0 - 47.4 
A 3 1 1 0  129 41.17 (1.26) 39.0 - 43.6 39.91 (1.91) 37.0 - 43.0 
GRAND 2 111.60 42.07 
S,D,  21.40 1.48 
W G E  67-158 
41.39 
4.22 
36.2 - 47.0 23.6 - 57.5 
*Part clutches not included i n  means 
Tag 
N o  * 
A3140 
A3148 















































Number and s i z e  of eggs depos i ted  by loggerhead t u r t l e s  
(Caretta -- --- caretta) a t  Kennedy Space Center ;  summer, 1977. 
Weight ( g )  
(Sample of _IC__- 20) - 





























































































- (Sample of 20) 



























































































(Carcttc --- caretta) a t  Kennedy Space Center; summer, 1977. 
Weight (g) Diameter (mm) 
(Sample of 20) 























( 1 . 1 0 )  
( 1 . 6 1 )  
( 1 . 2 4 )  
(0 .88 )  
( 1 . 7 8 )  
( 1 , 7 5 )  
( 1 . 3 1 )  
( 1 . 1 1 )  
( 3 . 1 9 )  
( 1 . 4 0 )  
( 1 . 2 6 )  
(1 .44 )  
(2 .32 )  
( 1 . 1 5 )  
(1 .33 )  
(1 .24)  
(0 .89)  
(0 .96)  
( 1 . 2 6 )  
(0 .88)  















































(0 .82)  
(0 .64)  
( 0 . 4 6 )  
( 0 . 7 1 )  
(0 .59 )  
(0 .59)  
(2 .29 )  
(0 .82 )  
( 0 . 6 2 )  
( 0 . 7 8 )  
(0 .53 )  
( 0 . 9 3 )  
(1 .18)  
( 0 . 7 5 )  
(1 .06 )  
(1 .04 )  
(0.52) 
(0 .84)  
(0 .49 )  
(0 .66 )  












































H 10 84 
H1090 






























( C a r e t t n  ca re t t a )  at Kennedy Space Center; summer, 1.977. 
Weight (g) 
























(0 .75 )  
(1 .24 )  
(0 .99 )  
(0 .84 )  
( 1 . 4 0 )  
(2 .95 )  
(0 .94 )  
(1.84) 
(1 .91 )  
(0 * 9 0 )  
(1 .30)  
(1 .29 )  
( 1 . 1 0 )  
( 0 . 9 0 )  
( 1 . 0 1 )  
(1.941, 
( 1 . 2 5 )  
(1 .95 )  
(0 .56 )  
(3 .49 )  
( 1 . 2 8 )  


















































(Sample of 20) 
( S . D . )  Range 
(1 .05 )  
(0 .92)  
(0 .54)  
(0 .57 )  
(0 .64 )  
(1 .46)  
(0 .73 )  
(0 .80)  
(0 .69 )  
(0 .62 )  
(0 .65 )  
(0 .79 )  
(0 .55)  
( 0 . 4 2 )  
(0 .57)  
(1 .12)  
(0 .64 )  
(1 .14 )  
(0 .67 )  
(1 .02 )  
(1 .05 )  
( 0 . 6 6 )  






































































Number and size of eggs d e p o s i t e d  by loggerhead turllcs 
(Caretta caretti)  at Ken Space Center; summer, 1977. 
Weight (8) 




































































(Sample of 20) 



































































Table 33. Number and s i z e  of eggs deposited by loggerhead turtles 

















































Weight: (g)  c Diameter (mm) 
(Sample of 20) (Sample of 20) 
T 














































































(2.26) 4 1.9-53.2 








T a b l e  33. N u m b e r  and size of eggs deposited by loggerhead turtles 
at Space Center; summer, 1977. 
N u m b e r  Weight ( g )  D i a m e t e r  (mm) 
Tag Eggs .in 
'NO. - 
132 80 37.7 (1.03) 36.2-40.0 40.0 (0.52) 39.2-41.0 
197 1 38.5 .30) 36.3-41.2 41.2 (0.53) 40.2-42.0 
% l i l  23 94 39.7 (2.46) 33.8-42.8 41.8 (0.88) 39 -0-42.9 
Bi12 39 122 45.8 (2.36) 40.3-48.8 43.7 (0.62) 42.0-44.5 
HJ233 117 34.4 (1.06) 32.2-36.1 39.5 (0.56) 38.0-40.6 
.;As1 75 92 38.1 (1.06) 36.2-40.0 40.4 (0.54) 39.1-41.1 
114.26 41.04 41 ..83 
S. D. (23.07) (4.33) (1.86') 
Range 65-173 25.4-59.9 33.2-53.2 
A-128 ' 
Table 34 .  Nuniber arid s i z e  of eggs d e p o s i t e d  by loggerhead turtles 
Kunber 
C l u t r h  


































(Caretta carctta) at Kennedy Space C e n t e r ,  1978. 
We igh t (g) 
(Sarilple 03:  20) -. 


































(0 .65 )  
(0 .84 )  
(0 .70 )  
(0 .50)  
( 0 . 9 1 )  
(0 .91)  
( 0 . 6 1 )  
(0 .61 )  
(0 .87 )  
(0 .61 )  
(0 .55 )  
(0 .46 )  
(0 .51 )  
(2 .13 )  
(0 .80)  
(0 .48 )  
(1 .06 )  
(0 .64)  
( 0 . 5 7 )  
(0 .90)  
(2 .02 )  
(0 .94)  
(1 .35 )  
( 0 . 7 4 )  
(0 .63)  
(0 .69 )  
(1 .56 )  
(0 .90)  
(0 .60 )  
(1 .27 )  








40 . O-4 2.0 
4 1.0-44.0 




40 .O-49 .O 
38.2-41.3 
41.2-42.9 
















































Diameter (mi )  
(Samp1.e of 2 0 )  --- (s.n.1 
-.I__ 
(1 .65)  
(1 .04)  
(1 .25 )  
(1 .53 )  
(1 .64)  
( 0  99)  
(1 .68)  
(1 .05 )  
(1 .07 )  
(1 .03 )  
( 1 . 3 1 )  
(0 .95)  
(1 .14 )  
(1 .49)  
(0 .98)  
(0 .94)  
(2 .44)  
(1 .62 )  
(1 .19 )  
(1 .37)  
( 1  .OO) 
(1 .02 )  
(2 .24 )  
( 1 . 0 9 )  
( 0 . 9 9 )  
(0 .99 )  
(0 .94 )  
(1 .24)  
( 1  .OS) 
( 1 .09 )  


































Table 3 4 .  
Numb e P 
Tag Eggs in 















































N u m b e r  and size of eggs deposited by loggcrhcad tu r t les  
(Caretta -I--- cam -- t ta)  a t Kennedy Space Center, 1978 .  (Continued) 
Weight (a) Diameter (mm) -- ( sq i l e  - of 2 0 )  -- --_- ( S a g e  of 2 0 )  
-_ X ( S . D . )  - -  R a w  .- X ( S . D . 7 -  Range 
41.89 (0 .89)  40.6-44.5 38.38 (0 .86)  36.0-39.9 
39.62 (0.81)) 38.3-40.8 33.94 (1 .36)  30.8-37.0 
41.76 ( 0 . 5 6 )  40.1-42.6 41.90 (1 .31)  40.0-44.0 
42.25 (0 .72 )  41.0-44.2 41.14 (1 .11 )  39.2-43.5 
41.67 (0 .99 )  39.3-43.0 40.87 (1 .48)  38.1-43.7 
41.54 (0 .38 )  40.9-42.1 39.82 (0 .95 )  38.5-41.9 
42.70 (0 .76 )  41.5-44.0 44.95 (1 .23 )  42.2-46.2 
40.28 (1 .33)  38.2-42.8 41.76 (2 .54 )  36.1-44.3 
42.22 (0 .74 )  40.7-43.5 43.17 (1 .57 )  40.9-46.0 






















(0 .52 )  
( 1.07) 
(0 .74 )  
(0 .43 )  
( 0 . 9 1 )  
(0 .78 )  
( 0  - 6 8 )  
(1 .01 )  
(0 .89)  
(0 .65 )  
(1 .29)  
(1.14) 
( l " 1 1 )  
(0.70) 
(0 .58 )  
(0 .51 )  
(1 .11 )  
(0 .75)  
(0 .92)  
(0 .73)  











































(1 .14)  
(1 .71 )  
( 1 . 7 6 )  
(1 .39)  
(2 .30)  
(1 .91)  
(1 .98 )  
(1 .14 )  
(2 .15 )  
(1 .14 )  
(1 .95)  
(1 .60 )  
(2 .19 )  
(1 .22 )  
(1 .36 )  
(1 .98)  
(1 .24)  
(0 .87)  
(2 .42)  
( 1  .OO) 























Table 34 .  b!umber and size of eggs depos i t ed  by loggerhead t u r t l e s  
( C a r e t t a  - . ~  c a r e t t a )  .-_ a t  Kennedy Space Cen te r ,  1978.  (Continued) 
Number 
c1 CI t Cl? 









U06678 98  















(Sariipl e of 20)  -- - 




















(0 .81 )  
(0 .84 )  
( 1 . 2 9 )  
( 0 . 6 6 )  
(1 .34 )  
(0 .77 )  
( .9 17) 
( 1.02) 
( 0 . 5 8 )  
(0 .72 )  
(1 .61 )  
(0 .50 )  
( 0 . 7 1 )  
( 0 . 7 6 )  
(1 .37 )  







































(Sample of 20) 
(S.D.) 
(1 .53 )  
(1 .70)  
(1 .44)  
(1 .66 )  
(3 .36)  
(1 .25 )  
( 0 . 8 5 )  
(1 .85)  
( 1 . 0 9 )  
( 1.04) 
(1 .75 )  
(0 .92 )  
(1 .60 )  
(2 .38 )  
(1 .53 )  






3 3.3- 38.4 
38.3-43.9 
3 1 .8-4 1.2 
34.9-39 .O 
38.8-4 2.0 
44  .O-50.1 









Table 35. Number and s i z e  of eggs deposited by green t u r t l e s  
( a t  Kennedy Space Center, 1976. 
Number DIAMETER (cm) WEIGHT (g) 
Tag Eggs i n  (Sample of 20)  (Sample of 20)  
No. Clutch X . (S.D.) RanRe X (S .D . )  RanRe 
UO6sL 198 48.20 ( .95) 46.0 - 50.0 60.22 (2.82) 52.2 - 63.0 
A3024 LOO 45.67 ( .70) 44.8 - 48.0 53.01 (2 .23)  50.0 - 60.2 
U28JL 131 44.56 ( - 8 1 )  42.5 - 45.6 48.60 (1 .31)  45.4 - 50.0 
A3092 135 47.21 ( .64) 46.4 - 48.2 58.49 (1.67) 55.7 - 61.9 
G P a D  141.00 46.41 55.08 
S.D. 41.09 1.61 
RANGES 100-1 9 8 42.5 - 50.0 
5.30 
45.4 - 63.0 
A-1 3? 
Table36.  Number and s i z e  of eggs depos i t ed  by green  t u r t l e s  
(Chelonia mydas) a t  Kennedy Space Center ,  1977. 
Weight (g) D i a m e t e r  
(Sample of 20)  (Sample of 20)  
- Tag Number Eggs - 
- No. I n  Clutch - X -- (S.D .) Range - X (S.D.) Range 
€11121 91  54.5 ( 1 . 5 0 )  51.2-56.9 46.0 (0 .84 )  44.2-47.5 
H1240 156 52.9 ( 2 . 0 2 )  47.8-56.0 45.7 ( 1 . 5 0 )  42.0-47.2 
- 
X 123.5 53.70 45.85 
Tab le  37. Number and s i z e  of eggs depos i t ed  by loggerhead t u r t l e s  
(Chelonia  mydas) a t  Kennedy Space Center ,  1978 
Number D i a m e t e r  (cm) Weight (g) 


















































































































48.3- 5 1.2 





40 -0-46 .O 
37.3-4 3.8 
4 2.7-46.3 





























































4 1 .2-46 . 0 
45.1-57.9 
59.7- 65.0 
44.2-4 8 .3  
56.0-65.5 
41.5-47.1 














Table 38. Analysis of variance table for three year 






















Tab le  39. Analys is  o f  variance t a b l e  f o r  t h r e e  y e a r  com- 
pa r i sons  o f  loggerhead egg  weights .  
Source of Sum of Mean 
Variation Squares  - df Square F Value 
Model 142.2 2 71.1 
P 
E r r o r  99773.5 4498 22.2 3.21 0.04 
T o t a l  99915.7 4500 
A-1 36 
Table 40. Duncan's Multiple Range T e s t  f o r  comparisons of 
loggerhead egg weights.  Means with same letter are 
not  s i g n i f i c a n t l y  d i f f erent .  
Grouping M e  an ( g) 
A 









B 41.07 2187 19 77 
A-1 37 
Table 41. Analys is  of  Variance t a b l e  f o r  t h r e e  yea r  comparisons 
o f  loggerhead egg minimum diameters .  
Source of Sum o f  M e  an 
V a r i a t i o n  Squares  df Square F Value P 
Model 114.5 2 57.2 
E r r o r  19211.8 4496 4.3 13.4 000 1 
- 
T o t a l  19326.2 4498 
A-1 38 
Table 42. Duncan's M u l t i p l e  Range T e s t  €or comparisons of log- 
Means with same let- gerhead egg minimum diameters. 
ter are not s ignif icantly different. 


































43. Incubat ion  pe r iods  f o r  
eggs (Caretta caretta) 
c l u t c h e s  of loggerhead t u r t l e  
confined i n  l abora to ry  a t  
Kennedy Space Center;  Summer, 1976, 
Date Deposited 
18 May 1976 
20 May 1976 
24 May 1976 
18 May 1976 
25 May 1976 
18 May 1976 
25 May 1976 
18 May 1976 
28 May 1976 
28 May 1976 
24 May 1976 
1 June 1976 
1 June 1976 
31 May 1976 
7 June 1976 
11 June 1976 
31 May 1976 
8 June 1976 
Date Hatched 
5 August 1976 
. 7 August 1976 
11 August 1976 
7 August 1976 
11 August 1976 
9 August 1976 
9 August 1976 
9 August 1976 
10 August 1976 
10 August 1976 
11 August 1976 
14 August 1976 
14  August 1976 
15 August 1976 
16 August 1976 
1 7  August 1976 
16  August 1976 
1 7  August 1976 





















I Table 43. Incubat ion  pe r iods  f o r  clutches of loggerhead tu r t le  
eggs (Casetta confined i n  l abora to ry  a t  
Kennedy Space Center ;  Summer, 1976. (C 
Pa ren t  Incubat ion  
Tag No. Date Deposited Date Hatched Per iod  (Days) 
H1449 17 June 1976 24 August 1976 68 




15 June 1976 
24 June 1976 
24 June 1976 
23 August 1976 
26 August 1976 




H1781 2 J u l y  1976 29 August 1976 58 
H1749 28 June 1976 30 August 1976 63 
H1794 7 J u l y  1976 2 Sep-t. 1976 57 
H1720 9 J u l y  1976 5 Sept. 1976 58 











10 J u l y  1976 
13 J u l y  1976 
13 J u l y  1976 
9 J u l y  1976 
19 J u l y  1976 
2 1  J u l y  1976 
2 1  J u l y  1976 
20 J u l y  1976 
19 J u l y  1976 
21 J u l y  1976 
8 Sept. 
1 0  Sept. 
12  Sept.  
1 7  Sept. 
19  Sept. 
1 7  Sept.  
19 Sept. 
22 Sept. 























Table 43. Incubat ion  p e  
eggs (Carett 
Kennedy Space Center;  Summer, 1976. (Cont 
Pa ren t  Incubat  i o n  
Tag No. Date Deposited Date Hatched Period (Days) 
A3071 23 J u l y  1976 24 Sept.  1976 63  
A3065 
A3064 
22 J u l y  1976 23 Sept. 1976 63  
22 J u l y  1976 26 Sept.  1976 66 





30 J u l y  1976 8 Oct. 1976 70 
3 Aug. 1976 1 2  Oct. 1976 70 
4 Aug. 1976 1 2  O c t ,  1976 69 
6 Aug. 1976 1 5  Oct. 1976 70 





Table 44. Incubat ion  p e r i o d s  f o r  c l u t c h e s  of  loggerhead t u r t l e  eggs 
(Caretta c a r e t t a )  conflned i n  l a b o r a t o r y  a t  Kennedy Space 






















H l l l O  
H1212 
Center ;  summer, 1977. 
Date Deposi ted 
2 June 1977 
2 June 1977 
7 June 1977 
10 June 1977 
13 June 1977 
14  June 1977 
14  June 1977 
1 4  June 1977 
1 4  June 1977 
1 5  June 1977 
1 5  June 1977 
1 5  June 1977 
15 June 1977 
16  June 1977 
9 J u l y  1977 
1 4  J u l y  1977 
1 4  J u l y  1977 
1 4  J u l y  1977 . 
15 J u l y  1977 
18 J u l y  1977 
20 J u l y  1977 
20 J u l y  1977 
Date Hatched 
6 August 1977 
8 August 1977 
11 August 1977 
1 2  August 1977 
17  August 1977 
15  August 1977 
18 August 1977 
19  August 1977 
19  August 1977 
19 August 1977 
19 August 1977 
20 August 1977 
21  August 1977 
22 August 1977 
13 September 1977 
15 September 1977 
15  September 1977 
16 September 1977 
1 6  September 1977 
17  September 1977 
20 September 1977 
21 September 1977 
A-1 43 
Incubat ion  




















6 3  
6 1  
62 
63 
Table 4 4 .  Incubat ion  pe r iods  for  c l u t c h e s  of loggerhead t u r t l e  eggs 



















( C a r e t t a  caretta) conf ined  i n  l a b o r a t o r y  a t  Kennedy Space 
Center ;  summer, 1977 (cont inued) .  
Incubat ion  
Date Deposi ted Date Hatched Per iod  (Days) 
20 J u l y  1977 21 September 1977 63 
21  J u l y  1977 22 September 1977 63  
21 J u l y  1977 20 September 1977 6 1  
21 J u l y  1977 26 September 1977 67 
21  J u l y  1977 26 September 1977 67 
26 J u l y  1977 28 September 1977 64 
26 J u l y  1977 1 October 1977 67 
1 August 1977 4 October 1977 64 
2 August 1977 11 October 1977 70 
3 August 1977 8 October 1977 66 
4 August 1977 1 2  October 1977 69 
5 August 1977 8 October 1977 64 
9 August 1977 18 October 1977 70 
10 August 1977 24 October 1977 75 
11 August 1977 16  October 1977 66 
1 5  August 1977 29 October 1977 75 







Table 45. Incuba t ion  per iods  f o r  c l u t c h e s  of loggerhead t u r t l e  eggs 
( C a r e t t a  caretta) i n  p r o t e c t i v e  incuba t ion  program a t  
.Kennedy Space Center; Summer, 1978. 

































18 May 1978 
25 May 1978 
25 May 1978 
25 May 1978 
26 May 1978 
26 May 1978 
30 May 1978 
30 May 1978 
31 May 1978 
31 May 1978 
31 May 1978 
31 May 1978 
1 June 1978 
2 June 1978 
5 June  1978 
5 June  1978 
6 June 1978 
6 June  1978 
7 June  1978 
7 June  1978 
7 June 1978 
7 June  1978 
7 June  1978 
8 June  1978 
8 June  1978 
8 June  1978 
8 June  1978 
8 June  1978 
9 June  1978 
Date 
Hatched 
26 J u l y  1978 
1 August 1978 
1 August 1978 
1 August 1978 
29 J u l y  1978 
3 August 1978 
8 August 1978 
6 August 1978 
6 August 1978 
6 August 1978 
8 August 1978 
6 August 1978 
Incubat ion  













15 August 1978 75 
8 August 1978 67 
11 August 1978 67 
11 August 1978 67 
13 August 1978 68 
11 August 1978 66 
14 August 1978 68 
13 August 1978 
10 August 1978 
13 August 1978 
12 August 1978 
13 August 1978 
14 August 1978 
14 August 1978 
14 August 1978 
13 August 1878 












Table 45. Incuba t ion  pe r iods  f 0 7  c lu t ches  of loggerhead t u r t l e  
c a r e t t a )  i n  p r o t e c t i v e  incuba t ion  program 
ce Center ;  Summer, 1978. (Continued.) 
Pa ren t  
Tag No.  
H1928 
H 19 29 
H1932 





























10 June 1978 
10 June  1978 
12  June  1978 
13 June 1978 
15 June  1978 
15 June  1978 
15 June  1978 
15 June  1978 
15 June  1978 
17  June  1978 
17 June  1978 
20 June  1978 
20 June  1978 
20 June  1978 
21  June  1978 
23 June  1978 
24 June  1978 
26 June  1978 
29 J u l y  1978 
1 J u l y  1978 
3 J u l y  1978 
3 J u l y  1978 
5 J u l y  1978 
7 J u l y  1978 
8 J u l y  1978 
10 J u l y  1978 
10 J u l y  1978 
12  J u l y  1978 
13 J u l y  1978 
15 J u l y  1978 
Date Incub a t  i o n  
Hatched Per iod  (Days) 
14 August 1978 65 
16 August 1978 67 
18 August 1978 67 
19 August 1978 67  
19 August 1978 
22 August 1978 
P9 August 1978 
18 August 1978 
19 August 1978 
26 August 1978 
23 August 1978 
25 August 1978 
26 August 1978 
25 August 1978 
25 August 1978 
30 August! 1978 
30 August 1978 
1 September 1978 
1 September 1978 
9 September 1978 
7 September 1978 
7 September 1978 
9 September 1978 
11 September 1'978 
17 September 1978 
12 September 1978 
























14 September 1978 64 
19 September 1978 68  
21 September 1978 68 
Table 45. Incuba t ion  pe r iods  f o r  c lu t ches  of loggerhead t u r t l e  eggs 
(Caretta u r e t a )  i n  p r o t e c t i v e  incuba t ion  program a t  
Kennedy Space Center; Summer, 1978. (Continued,)  



















D a t e  
Deposited 
17 J u l y  1978 
17  J u l y  1978 
19 J u l y  1978 
22 July 1978 
26 J u l y  1978 
29 J u l y  1978 
Date 
Hatched 
20 September 1978 
20 September 1978 
29 Septemder 1978 
26 September 1978 
29 September 1978 
3 October 1978 
Per iod  (Days) 






31 J u l y  1978 3 October 1978 64 
1 August 1978 3 October 1978 63  
5 August 1978 
10 August 1978 
10 August 1978 
14 August 1978 
16 August 1978 
16 August 1978 
21  August 1978 
22 August 1978 
23 August 
10 October 1978 
14 October 1978 
14 October 1978 
27 October 1978 
21 October 1978 
26 October 1978. 
30 October 1978 
9 November 1978 


















6 2- 80 
A-1 47 
Table 46 .  Incubat ion  pe r iods  f o r  c l u t c h e s  of green t u r t l e  eggs 
(Chelonia mydas) confined i n  l a b o r a t o r y  a t  Kennedy 







Incubat  i o n  
Date Deposited Date Hatched Period (Days) 
6 J u l y  1976 
13 J u l y  1976 
28 J u l y  1976 
2 Sept.  1976 
10 Sept.  1976 









Table 47. Incuba t ion  pe r iods  f o r  c l u t c h e s  of g reen  t u r t l e  eggs 
(Chelonia mydas) confined i n  l a b o r a t o r y  a t  Kennedy 
Space Center ;  summer, 1977. 
Pa ren t  
Tag No. Date Deposited 
H 1 1 2 1  28 J u l y  1977 
H1240 18 August 1977 
Incubat ion 
Date Hatched Period (Days) 
29 September 1977 63 





Table  48. Incubat ion  pe r iods  f o r  c l u t c h e s  of  green  t u r t l e  eggs (Chelonia w d a s )  i n  
p r o t e c t i v e  incuba t ton  program a t  Kennedy Space Center ;  Summer, 1978. 
Pa ren t  Date Date Incubat  ion 
Tag. No .  Deposi ted Hatched, 
H2083 
H2249 













23 June 1978 
8 J u l y  1978 
11 J u l y  1978 
15 J u l y  1978 
16 J u l y  1978 
18 J u l y  1978 
20 J u l y  1978 
21 J u l y  1978 
21 J u l y  1978 
27 J u l y  1978 
28 J u l y  1978 
2 August 1978 
3 August 1978 
7 August 1978 
8 August 1978 
24 August 1978 
9 September 1978 
16 September 1978 
16 September 1978 
16 September 1978 
20 September 1978 
26 September 1978 
25 September 1978 
23 September 1978 
27 September 1978 
29 September 1978 
3 October  1978 
5 October  1978 
9 Octtober 1978 
12 October  1978 
62  
6 3  
67  
6 3  
62  
64 






6 3  
6 3  
6 5  
n o 1 7 2  9 August 1978 14 October  1978 66 
P 1005 14 August 1978 21 October 1978 68  
H2315 17 August 1978 28 October  1978 72 
P 10 10 18 August 1978 31 October 1978 74 
P1028 22 August 1978 9 November 1978 79 
U22A1 22 August 1978 2 November 1978 72 




S .D. 5.20 
Range 62-79 
A-1 50 
Table 49. Fertility rates for loggerhead turtles (Caretta caretta) 
clutches in protective incubation program at Kennedy 






























































































































30 - 100 
-
* Minimum and maximum rates explained in text. 
A-151 
Table 50, F e r t i l i t y  rates f o r  loggerhead t u r t l e s  ( C a r e t t a  c a r e t t a )  
c l u t c h e s  i n  p r o t e c t i v e  incubat ion  program a t  Kennedy 
Space Center ;  summer, 1977. 
Pa ren t  Tag No.  
F e r t i l i t y  Rate 
Minimum Maximum 
A3140 60.6 60.6 























































Paren t  Tag N o .  
H1105 














F e r t i l i t y  rates f o r  loggerhead t u r t l e s  ( C a r e t t a  caretta) 
c l u t c h e s  i n  p r o t e c t i v e  incuba t ion  program a t  
Space Center ;  summer, 1977. (Continued) 




























25.8-97.6 46 -4-97.6 
A-1 53 
Table 51. F e r t i l i t y  ra tes  for  loggerhead t u r t l e  (Caretta caret ta)  
clutches i n  protective incubation program a t  Kennedy 
Space Center; Summer, 1978. 
Parent 
Tag No. 






































































Table  51. F e r t i l i t y  rates f o r  loggerhead t u r t l e  (Caretta c a r e t t a )  
d lu tches  i n  p r o t e c t i v e  incuba t ion  program a t  Kennedy 
Space Center; Summer, 1978. (Continued) 
Parent  
Tag N o .  
F e r t i l i t y  Rate 
Minimum Maximum 
H2046 94.3 95.5 













































































Table 51, F e r t i l i t y  rates f o r  loggerhead t u r t l e  ( C a r e t t a  c a r e t t a )  
c lu t ches  i n  p r o t e c t i v e  incuba t ion  program a t  Kennedy 
Space Center;  Summer, 1978. (Continued) 
Parent  
Tag No.  
H2253 
F e r t i l i t y  R a t e  
Minimum Maximum 
63.0 69 .O 













2.9 - 100.0 
A-156 
Paren t  
Tag No. 
Table  52. F e r t i l i t y  rates :or green t u r t l e s  (Chelonia  mydas) 
c l u t c h e s  i n  p r o t e c t i v e  incuba t ion  program a t  























Table 53. F e r t i l i t y  rates for green t u r t l e s  (Chelonia mydas) 
c lu t ches  i n  p r o t e c t i v e  incubat ion  program a t  
Kennedy Space Center ,  Summer, 1977. 
Parent  
Tag No. 
H 1 1 2 1  
F e r t i l i t y  Rate (W) 

















, A-1 58 
Table 54. F e r t i l i t y  rates for green t u r t l e  (Chelonia mydas) c lu t ches  
i n  p r o t e c t i v e  incubat ion  program a t  Kennedy Space Center ;  
Summer, 1978. 
Parent  Tag No. 



















































Table 55. Analysis of 
parisons of 
Source of Sum af 
Variance table for three year com- 
leggerhead ndnimum fertility rates. 
Mean 
Variation Squares df Square F Value 
Model 249.3 2 124.6 
Error 4690 7.1 155 302.6 0.41 0.66 
- 
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Table 59. Hatch rates and o t h e r  d a t a  f o r  green  t u r t l e s  (Chelonia mydas) 
genera ted  i n  p r o t e c t i v e  incubat ion  program at Kennedy Space 
Center;  Summer, 1976. 
Parent  Eggs Eggs Pipped Hatchl ings  
Tag No. Eggs Pipped Dead Released Unhatched Experimental  
No. Secured No. (%) No. (%) No. (%) No. (%) U s e  Number 
U06 J L  199 1 7 2  (86) 4 (2) 168 (84) 27 (14) 0 
A3024 100 87 (91) 1 (1) 86 (90) 1 3  (13) 5 
A3092 135 116 (89) 1 (1) 115 (88) 19 (14) 5 
U28JL 131 125 (95) 0 (0) 125 (95) 6 (43 0 
T o t a l  565 500 (88.5) 6 (1) 494* (87.4) 65 (11.5) 10  
X 141.2 125 1.5 123.5 16.25 
- 
S.D. 41.6 35.3 1 .7  34.0 8.9 . 
Range 100-199 87-172 0-4 86-168 6-27 
*Of t h e s e  h a t c h l i n g s ,  435 were given t o  t h e  F l o r i d a  Department of Natura l  
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Tsb3.e 66. Veight  and body depth of loggerhead turtle hatchlings 
(Caretta caretta) a t  Kennedy Space Center ,  1978 
Parent Weight (SaTnple of 20) Deph  (Sample of 20) 







n 0 0 0 4  
KO 106 
n o  1 10 
H1269 












































































































































































19 .O-21 .O 
17.8-2 1.3 




















T a b l e  66. Weight and body depth of loggerhead t u r t l e  hatchlings 
(Caretta --- caretta) a t  Kennedy Space Center ,  1978 
P a r e n t  
Tag No. 
H 19 35 19.7 0.6 18.6-21.2 18.8 0.5 17.9-19.6 
H1957 17.1 1.3 15.1-19.4 19.2 0.8 17.9-20.8 
H1968 19.4 0.7 18.0-21.5 20.1 0.8 19.3-21.5 
H1969 21.5 0.6 20 .4- 22.8 19.3 0.9 18 e 1-20.9 
19.6 0.9 17.5-22 .O H 19 70 20.4 1.1 17.5-22.1 
H1971 21.5 0.9 19.8-23.2 17.0 0.6 16 .O-18.3 
H1983 












































































































































T a b l e  66. Weight and body depth oE loggerhead turtle hatchlings 
(Caretta c a r e t t a )  a t  Kennedy Space Center, 1378 - 
Parent Weight (Sample of 20) Depth (Sample of 20) 
- T a g  N o ,  X , S.D. Range . x  S .D. R a n g  
H2380 16.8 0.8 15.3-18.1 19.6 0.5 18.5-20.3 
H2440 20.0 0.9 18.2-2 1.4 19.2 0.6 17.8-20.9 
H2448 20.0 0.3 19.3- 2 1.0 20.2 0.7 18.5-21 1 
P1007 20.1 1.2 16.8-22.1 19.6 0.6 1 8.1- 20 .8 
U066 78 22.4 0.6 21.0-23.0 19.4 0.8 18.0-20.8 
U07678 17.9 1 .o 15.8- 19 .6 18.3 1.0 16.9-20.2 
U20678 22.1 0.6 20.9-23.0 20.4 1.1 19 .O-23.0 
U25578 17.3 0.7 15 .8- 18.4 19.1 0.9 12.6-20.4 
U30578 16.7 0.9 14 .O-18.0 17.6 0.8 16 .O- 19 . 1 
U31578 20.6 0.3 20 .o-21.0 18.8 0.9 17.0-20.2 
070678 20.7 1.1 17.1-22.0 19.0 0.8 17.3-20.2 
2505 78 20.0 0.9 18.1-21.8 18.5 1.1 16.8-20.5 
310578 18.7 1.7 16.8-21.5 19.3 0.9 18.0-20.7 
N 72 72 
- 
X 20.39 19.32 
S .D. 1.90 1.12 
Range 16.5-23.6 17 .O-22.5 
A-1 91 
o ~ a c v ? o m f - l c l  : 9 1  
V I b N  m m m  
d c o 0 c Q c n U  . . . . . .  
1 . 1  I 
v ) v ) N  . . .  
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A-2 0 1 
Table 73. Linear  measurements of green t u r t l e  h a t c h l i n g s  (Chelonia mydas) 
a t  Kennedy Space Center ,  Summer, 1978. 
Depth (mm) (Sample of 20) 














a 0  172 
P 100 5 
H2315 
P10 10 



















































































































































Table 74. Analysis of Variance table for three year c o w .  
parisons of loggerhead hatchling weights. 
Source of sum of 
Variation Squares d f  - 
Mean 
Square 
Mo de 1 338.8 2 169.4 
Error 20 854.9 3355 6.2 
P '  E' V a l u e  - 
27.3 .0001 
Total 2U93.7 3357 
A-203 
Table 75. Duncan's Multiple Range T e s t  for comparisons of 
loggerhead hatchling weights. 
letter are not significantly different.  
Means with same 
- Grouping . N  Year 
AI 20.4 837 . 19 76 
A 20.4 145 8 19 78 
B 19.7 106 3 19 77 
Table 76. Analysis  of Variance 
loggerhead ha tch l i i i g  
Source of Sum of 
V a r i a t i o n  Squares df 
L_ 
Model 457.7 2 
E r r o r  13239.8 3355 
T o t a l  1369 7.5 335 7 
t a b l e  f o r  comparisons of 
carapace widths .  
Mean 
Square F V a l u e  P 
228.9 
3.9 56 .O .0001 
A-205 





Duncan's Multiple Range Test for  comparisons of 
loggerhead hatchling carapace widths. 
letter are riot s ignif icantly different. 
Means with same 











Table 78. Anulysls  of varLnnce table  for coriiprirtHons o f  
loggerhead hatchlfing carapace lengths.  
Source of Sum of Mean 
Variahion S q ua res df Square 
Model 9 .9  2 4 . 9  
P F Value - - 
Error 15772.3 3355 4.7 1.05 35 
T o t a l  15782.2 3357 . 
A-207 
Table 79. Analysis of Variarxe table for comparisons of 
loggerhead hatchling plastron lengths. 
Source of  sum of Mean 
Squares P 
Model 338.9 2 169.5 
Error 16794.4 3233 5.2  32.6 .0001 
Tbtal 17133.3 3235 
I 
A-2 08 
Table 80. Duncan's Multiple Range Test for comparisons of log- 
gerhead hatchling plastron lengths. Means with same 



















Table 81. Analysis of Variance table for comparisons of 
loggerhead hatchling body depths. 
Source of Sum of Mean 
Variation Squates 
Model 214.0 2 107.0 
P Square 7 
Error M391 .O 335 3 3.1 34.5 .0001 
Total. 10605 *O 3355 
A-21 0 
Table 82. Duncan's Mult iple  Range T e s t  f o r  comparisons of 
loggerhead ha tch l ing  body depths. 
le t ter  are not s i g n i f i c a n t l y  d i f f e r e n t .  
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Table 95. Weight changes of cold-stunned loggerhead turtles 
(Caretta caretta) while in captivity. 
(kg) (kg) 
Capture Capture *lease Release 
Tag No. Date weight Date Weight 
A3123 20 January 1977 31.8 8 February 1977 30.2 
A6524 20 J a n m  1977 39.8 8 February 1977 36.2 
A6512 21 January 1977 25.2 8 February 1977 24.0 
A6513 21 January 1977 25.8 8 Febrmry 1977 25.7 
A6515 21 Jan= 1977 33.4 8 February 1977 31.5 
A6519 21 January 1977 29.8 8 February 1977 26.4 
A6520 21 J a n m  1977 38.8 8 February 1977 38.6 
A6526 21 Jan- 1977 27.5 8 February 1977 26.0 
A6528 21 January 1977 37.0 8 February 1977 35'. 1 
A6533 21 January 1977 27.7 8 February 1977 27.1 
A6535 21 J a n w  1977 41.7 8 February 1977 39.4 
A6539 21 January 1977 42,l 8 February 1977 40.2 
A6543 21 January 1977 35.8 8 February 1977 33.6 
A3127 22 January 1977 36,4 8 F e b m  1977 36.6 
A3128 22 J a n m  1977 29.7 8 February 1977 28.1 
A3130 22 January 1977 25-6 8 February 1977 25.9 
A3131 22 January 1977 37.5 8 February 1977 36.6 
A6544 22 January 1977 52.9 8 February 1977 49.7 


































(caretta caretta) while i n  captivity. (Continued) 
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